シアノバクテリアを用いた光化学系II複合体におけるホスファチジルグリセロールの機能解析 by 遠藤 嘉一郎 & Endo Kaichiro
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ATP  IgnZʊ 
BN  umKfJu 
BQ  p-xaRn 
CBB  T}ZuIhu 
CDP-DG  Zd[ 5’-ʊ-[IZU^ 
Chl  TtJ 
Cm  TtMkX 
CmR  TtMkXȸŚʅ®ğP^eh 
Cyt  ZhT 
DCBQ  2, 6-[TxaRn 
DCMU  3-(3, 4-[TtMk)-1, 1-[dĳȣ 
DG  [IZU^ 
DGDG  [QThZ[IZU^ 
DM  n-igZ-D-}hZi 
DMBQ  2,6-[dxaRn 
Er  N\}KZ 
ErR  N\}KZȸŚʅ®ğP^eh 
Fecy  tMZIäPL 
G3P  U^ 3-ʊ 
GC  Q\T}hUtJ 
GlcDG  nUXZ[IZU^ 
Km  Pj}KZ 
KmR  Pj}KZȸŚʅ®ğP^eh 
LPA  az\tHd[ʊ 
MGDG  nQThZ[IZU^ 
NADP  kXdI~iIgk[lTOdiʊ 
PA  z\tHd[ʊ 
PAGE  |ITI~iWʢƼǅâ 
PG  z\tHd[U^ 
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PGP  z\tHd[U^ʊ 
PSI  ÇäĢȠ I 
PSII  ÇäĢȠ II 
Tc  fhYKT 
TcR  fhYKTȸŚʅ®ğP^eh 
TLC  ɈĶT}hUtJ 
SDS  igZȉʊjhL 
SQDG   \zRn{Z[IZU^ 
Str  \hvh}KZ 
Spe  \yTdn}KZ 
Spe/StrR  \yTdn}KZ/\hvh}KZȸŚʅ®ğP^eh 
UDP  L[ʊ 
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1-1. ÇöŠ,1 
 ÇöŠ,1ÇNmSFØǯ*ĚƼ=Ǌ/ġĉBʊäǜȣFǜ
ȣǖ,*ƕƱǣFöŠBîř+B
"0îřʀȏ+ƽFÒə*ʊȣF
Ǹǭ!B
"C8+ĞƼƛ¬+'$ĊǪ/ʊȣF<$@$0ÇöŠ+
B
ÇöŠ/?'*ĚƼ/ƀÑC$ʊȣ1ȀƤǭǣFʜ4,ɽÑ!$

ZInoTfI0ÇöŠ1ȡ 38ÄłÚ@ġĉB	Ħ/áǨ0ɁÇNm
S@äĢNmS4,ėŹBZ\f+B,@	ÇöŠ0¦
ȧ9FǫəB,1ʌɕ.ɢʭ+B
ÇöŠ0ȆȒ1	Òğʕ0N
mS0®ʁ=bpTɨƪɻ.-0~T0x@	Ƨǣ0Ƨǭ,
}T0x0ȆȒ8+ĿŃ
ƙȆȒ+1ÇäĢȠ IIʸ PSIIʹ/ġĉ
B PGÒğ0Ʊȼəƞ,Òğx0əƞ/űš$
 
 
1-2. ÇöŠ0ÕƖîř 
ÇöŠ0ÕƖʀȏ1ZInoTfI=Ƨǣ0ɅȮ²/ġĉBdXKi
Ⱦ+A	IfjbpTɨʸ Ƨǣ0đö1ʠÇbpTɨɔö²ʸ LHC 	ʹ
ZInoTfI0đö1tJXraʹ/?'*úïC$ÇNmS
1	ÇäĢȠ IʸPSIʹ, PSII4,®ʁCB
PSII/?'*àɪC$ʢğ
1ZhT b6fʸCyt b6fʹɔö²	PSI4,®EA	ƔȦǺ/ NADP+ʸkXd
I~iIgk[lTOdiʊ ʹʆÅC* NADPHöŠCB

ÇöŠ0ʢğ®ʁîř/*Ǹǭ$vhFØǯ* ATPʸIgnZ
ʊʹöŠʉȣ ATPFöŠBʸJohnson 2016ʹʸ ć 1 
ʹ 
PSIIIfjbpTɨ@ñð'$ÇNmS1 PSII0îřŗ4
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,®EA	îřŗTtJ0 P680 FàɪB
"C/?A P680 ʢɄ
ÒʡFɪ*ǭ$ʢğ1	PSIIÌ0tJOtJd a	v\hRn+
B QA, QB/®ʁCB
2(0ʢğFñð'$ QB1vhäC	v
\hRn4,ėä	QBȩöYKh@əʡB
"0Œ	QBȩöYKh
/1v\hRnv@Ɗ$.v\hRn¶ȪCBʸ Renger and 
Renger 2008 
ʹʢğFñð'$v\hRn1 Cyt b6fɔö²4,ʢğF®
ʁB
Cyt b6fɔö²1	ʎ²FōŠ*A	×/ Cyt f	Cyt b6	\VČ
ʐKOLT\bbpTɨ	Yukeh IV+ƪŠC*BʸCramer et 
al. 2006 
ʹPSII @ɿʡ$v\hRn1\VČʐKOLT\b,
Cyt fFȨǱ*v\hZIk/ 1¼0ʢğFǒ
v\hRn0<
1(0ʢğ1 Cyt b60w bH	w bL/®EA	ʊäČv\hRn/ǒ
CB,RnĄɭFōŠBʸ Dumas et al. 2016 
ʹRnĄɭ+1 1ʢğ
PSI /ǈCB,/ʼ(0 H+FÁ/ɰɷ+B$;	ATP öŠ/,'
*ʌɕ.Ȩɭ/.'*B
 
v\hZIk0ʢğ1 PSI0îřŗTtJ+B P700/®ʁ
CB
PSIʢɄÒʡFɪ*ǭ$ʢğ1tJRn/®ʁC	3Ȑʯ0
ʐKOT\b+B FX	FA	FB/®ʁCBʸNelson and Yocum 2006 
ʹ
PSI ɔö²1ȡ 12 ¼0Yukeh@ƪŠC*A	ZInoTfI0
PSI1ɹľʎ²FōŠ*B
PSI0îřŗbpTɨ+B PsaA, PsaB	
tMiRZ,0ȩö/ʖ*B PsaC	PsaD , PsaE	8$	ʎ²0
ōŠ/Řɕ. PsaL, PsaI= PsaM.-ġĉ*B
PSIɔö²/1ɂȣÒğ
=tJRn0§/ȽɨÒğ<ġĉ*A	2001ł0 Thermosynechococcus 
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elongatus0 PSII0 XȯȩƐƪɻəƞ/?A	nQThZ[IZU^
ʸMGDGʹ 1Òğ	z\tHd[U^ʸPGʹ 3Òğġĉ
*B,Ǝ@/.'$ʸJordan et al. 2001 
ʹƔȦǺ/1tMiRZ
 PSI@ʢğFñðA	CFØǯ* NADP+FʆÅ* NADPHFöŠ
B
 
 
1-3. ÇäĢȠ II 
PSIIɔö²1bpTɨ	TtJ=-Pf.-0ɂȣÒğ	}
QPZLT\b	ȽɨÒğ.-@ƪŠCBɫÒğɔö²+B
ʸć 2 
ʹPSII ɔö²1ƅę0Yukeh@ƪŠC*A	îřŗb
pTɨ+B D1, D2bpTɨ	IfjbpTɨ+B CP47, CP43
ġĉ*B
"*	Á/1ɐĉŚbpTɨġĉ	ZIn
oTfI1 PsbO	PsbV, PsbU+B	Ƨǣ1 PsbO	PsbP, PsbQ+ƪŠ
C*B
8$	PsbEʸ-Yukehʹ, PsbFʸ-Yukehʹ@
ƪŠCBwbpTɨ+BZhT b559.-	§/<ȡ 120ıYu
keh PSII ɔö²0ÌĉŚbpTɨ,*ġĉ*A	ę0ıYu
kehʵαƧǣ,ZInoTfI+Êɹ*BʸPagliano et al. 2013 
ʹ
PsbO1}QT\b0ȩö0ģĥä/ʖE'*A	PsbO1ģĥǺ+á
Ǩ0ɁʊȣǸǭ/1ŘɕòƲ,C*BʸEnami et al. 2008 
ʹƋ+ZI
noTfI0ɐĉŚbpTɨ+BPsbV1PsbO0îĮÁ/ġĉ**	
PsbU1 PsbO, PsbV0ʕ/°ȴ*B
PsbV1 PsbO,ǽŷȩö*.
	PsbUF¥*ʕŷǺ/ PsbO,Ǿ´ǯ*B
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PSII XI/®@CBNmS1	PSII ɔö²/ȩöBʠÇŚbpT
ɨɔö²/?'*ʠ;@CB
ʠÇŚbpTɨɔö²1ǭǣȐʕ+Ƿ.'*
A	ZInoTfI0đö1tJXr`	ʵαƧǣ+1 LHCII +
B
tJXr`1XIbpTɨ+BItJXZIk	ei
PbpTɨ0tJXZIk,tJXN\+ƪŠCBʸMacColl 
1998 
ʹtJXr`1dXKiȾɐʦFȎâ+	×/ʠ;$ÇNm
SF×/ PSII/ǒ	PSI/<NmSFǒ,+B
 
PSIIɔö²0}QT\b1 4(0}Qêğ@ƪŠC*A	
H2O@ʢğFŉũ	D1bpTɨ/ġĉBdZ Zʸ TryZ /ʹǒ

0ʢğFØǯ*ʢɄÒʡ/?'*ǭ$ P680+1ÍʆÅCB
ʊȣǸǭ0
đŤ+B}QT\b+1 2Òğ0 H2OÒə	1Òğ0 O2Ǹǭ
B$;/ʾ(0ʢğFŉũŘɕA	0îř1}QT\b
0}Q0¸ƅFėä!B,+ĦǩCBʸVinyard et al. 2013 
ʹ}Q
T\b0ǥŞ1 S0S1S2S3S40ǥŞ4,ėä*8$ S0/ţB,
YKTFȳAɵʸć 1 
ʹĄ0ʓÇ/?AYKT0îř0 1 \fe
vɽɍB
ƑŤ+1 S0, S10ǥŞģĥ+A	S2, S31ɸîř+ S1/
ţB,B,@	ƑŤ+16,G-0}QT\b Sʻ0ǥŞ
/B
"0Œ	îřɽɍ S4@ S0/ţBƹʝ+ʊȣÒğǸǭB
v
h1 S0@ S10ʞ/ 1¼	S2@ Sʽ+ 1¼	S3@ S0+ 2¼	dXK
iȾ0Á/ƀÑC	ǭ$vh1dXKiȾ0vhǛņ
ãʈ0ōŠ/ĪB
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1-4. ZInoTfI0Ƚɨ 
Ƨǣ0ɅȮ²=ZInoTfI0dXKiȾ1ȟȽɨ+B MGDG	[
QThZ[IZU^ʸDGDG 	ʹ\zRn{Z[IZU
^ʸSQDGʹ,Ƚɨ+B PG+ƪŠC*BʸBlock et al. 1983, 
Dorne et al. 1990, Somerville et al. 2000 
ʹdXKiȾ1ÉȽɨʎ0 60~80%ȏņ
FQThȽɨ+B	MDGD , DGDG +é;@C*A	ƷA1 SQDG ,
PG+é;@CB
8$ƩŚʬʇ/ɦʢɄFƕ*B SQDG, PG1ʊŚȽ
ɨ/ÒʯC	QThȽɨ+B MGDG , DGDG +1ū.Ǥƶ.Ʊȼ
Fů(,ȋāC*B
ZInoTfI/BȽɨöŠ+18 Õ
;/U^Igqi 3-ʊʸG3Pʹ0 sn-1°/ G3PIZh\tM
_0Ã/?A	IZʊʸAcyl-Pʹ@ 18:0ʸ X0Ú0ƅĠ1ǜ
ȣƅ	Œ0ƅĠ1ʌȩö0ƅFȋʹ<1 16:0 ɮȎ	az\tH
d[ʊʸLPAʹǭŠBʸć 3 
ʹƳ/ LPA0 sn-2°/ LPAIZh\
tM_0Ã/?A 16:0IZ-IZRI-vfKʸ Acyl-ACPʹ
@ɮȎ	z\tHd[ʊʸPAʹöŠCBʸWeier et al. 2005 
ʹȽ
ɨ+B PG0öŠ+1	8 PA@Zd[ 5’-ʊ-[IZU^
ʸ CDP-DG öʹŠʉȣ0Ã/?Aʸ CDP-DG ʹöŠCB
0 CDP-DG
1 PGPöŠʉȣ/?A PGPʸPGʊʹ/ėä	@/ PGPz\tHb
_/?AƔȦǺ/ PGöŠCBʸMizusawa and Wada 2012 
ʹƋ	ȟȽɨ0
öŠ+1	PA PAz\tHb_/?A[IZU^ʸDGʹ/ėŹ
CB
SQDG 1	SQDG öŠʉȣ0Ã+L[ʊʸUDPʹ-\z
Rn{\@ DG /\zRn{\ɮȎB,+öŠCB
0
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UDP-\zRn{\1	UDP-UX\@ UDP-\zRn{\öŠʉ
ȣ/?'*öŠCBʸ Shimojima 2011 
ʹQThȽɨ+BMGDG, DGDG
1	8 DG/ UDP-UX\@UX\ɮȎCB,/?A	n
UXZ[IZU^ʸGlcDGʹöŠCB
"0Œ	N±
_/?'* GlcDG 0UX\QTh\/ǷŚä* MGDG öŠ
CBʸAwai et al. 2014 
ʹ"0Œ	DGDGöŠʉȣ0Ã/?A< 1Òğ0
QTh\ UDPQTh\@ɮȎ*MDGD@ DGDGöŠC
BʸSakurai et al. 2007, Awai et al. 2007 
ʹ 
 
1-5. ÇöŠ/BȟȽɨ0Ʊȼ 
ȟȽɨ+B MDGD	DGDG	SQDG 1"C#CÇöŠ/*ʌɕ.ŏÜ
Fū'*B
QThȽɨ+B MGDG , DGDG 1dXKiȾ0ÉȽɨ
ʎ0 60~80%Fé;*B,@	dXKiȾ0ōŠ/ŘɕòƲ+B

ZInoTfI/*MGDG0öŠFƲź!B,	DGDG<Ʋź!B
,/.B0+	MGDG 0Ʋźƣ1èʡ+*.
 GlcDG @
MGDG FöŠB MgdE 0ʅ®ğFneTILh$ėǷƣʸmgdE ƣʹ
Synechocystis sp. PCC 6803 @èʡC$ʸAwai et al. 2014 
ʹ0ėǷƣ1
MGDG, DGDGFöŠB,+ 	©EA/ GlcDGȥȻ/ 60%ª
ġĉ*B
QThȽɨƲź*B/<ŭ@ 	ėǷƣ+1Bȏ
ņʵÇöŠǇŚFƕ*A	ȥȻ0dXKiȾ<Ƶľ/ōŠB
0
,1	QThȽɨÇöŠ/1Řʪ+1.	GlcDG /?'*ƱȼǾɒ
+B,Fȋā*B
ZKlj]j+1MGDGöŠʉȣ1 3Ȑʯġĉ
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ʸ MGD1, MGD2, MGD3 	ʹɅ/B×ɕ.MGDGöŠʉȣ1MGD1+B

MGD10ʅ®ğǸǩ 25%ȏņ8+±$ mgd1-1ėǷ²+1 MGDG0ùʎ
ʍǭƣ0 40%ȏņ/ǑĲ*BʸJarvis et al. 2000, Aronsson et al. 2008 	ʹ
PAM+ǔĥ$ PSIIǇŚʸ Fv/ Fm 1ʹʍǭƣ,67÷+'$
	mgd1-1
0 PSII1ÇʗĨFñ=	ŋÇ+ǡƀƄŧÙC*$
mgd1-1ėǷ
²+1dXKiȾ0Á+0ʊŚäʍǭƣ/ƻ5*±*A	
RYhtJYKT0ǇŚŧÙC$ȩƠ	ǡƀƄ<ŧÙ$,ȶ@
CB
QThȽɨ0öŠĚĿ/±B mgd1-2ėǷ²+1	dXKiȾ
0ōŠʗĨC*B$;ʸKobayashi et al. 2007 	ʹÇöŠ0ɞȥ.əƞ1ɍ
EC*.
 
 Synechocystis sp. PCC 68030 DGDGöŠʉȣFƲź!$ėǷƣʸ dgdAƣ +ʹ
1 DGDGFÉöŠ+.<00	ʍǭƣ,÷ƫ/ǭȺ+BʸSakurai et al. 
2007, Awai et al. 2007 
ʹƦ@1 CP47/İÈ$q\d[bUFØǯ	dgdA
ėǷƣ@ PSIIFȞɓ$
Ȟɓ$ėǷƣ0 PSII+1	ɐĉŚbpTɨ+
B PsbO	PsbV	PsbUǑĲ*$
$%	PsbU1 in vivo+<ƱȼǺ/
ȩö*.'$	PsbO, PsbV/ʖ*1 PSIIFȞɓBƹʝ+ PSII
@əʡ=.'*B,ÖƎ$
ɐĉŚbpTɨ0ȩöģĥ
/.'*B,@	dgdAėǷƣ+1ʵǓ=ŋÇƛ¬+0ǭȺ= PSII0»
ŖʀȏʗĨCB,<Ǝ@/.'$ʸMizusawa et al. 2009a, Mizusawa et al 
2009b 
ʹ8$ėǷƣ+1 CP43 əʡ$ PSII èʎ²ɇȑB,<Ò'
$ʸSakata et al. 2013 
ʹ 
ZKlj]j/1 DGDGöŠʉȣʼȐʯġĉʸ DGD1, DGD2 	ʹ"C
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#C0öŠʉȣ0ƲźėǷ²0əƞ@	ɹľ0ƛ¬+1 DGD1 /?'*
DGDG 0öŠūEC*B,Ǝ@/.'$
DGDG 0ùʎʍǭƣ0
10%ȏņ8+ǑĲ*B dgd1ėǷ²+1ʸDörmann et al. 1995 	ʹʍǭƣ,ƻ
5* PSII, PSI0ƻĚėä*B
8$ dgd1, dgd2FŶöE!$
dgd1dgd2ʌėǷ²0ɐǩČ1 dgd10ɐǩČ,ƻ5*ʮɆ+	PSII+1 P680+
, QA-0ʢɄÍȩö/ŎʨB,ĐûC*BʸReifarth et al. 1997, 
Steffen et al. 2005 
ʹDGDG0Ʋź1 PSIɔö²/<ŎʨF	dgd1ėǷ²F
µ'$əƞ+1 PSI ɔö²0Yukeh+B PsaD , PsaE ǑĲB,
Ǝ@/.'*BʸGuo et al. 2005 
ʹ8$ Ivanov@ʸ2006ʹ0ȆȒ+1 PSI
0 PsaA	PsaB	PsaL, PsaH0ǑĲ=IT^vbÁ/BʗĨȊɟC
*B
 
Synechocystis sp. PCC 6803, Synechococcus sp. PCC 7942/* UDP-\z
Rn{\öŠʉȣʅ®ğʸsqdBʹFȈĕB,+	SQDG öŠƲźƣ´
ɓC*BʸGüler et al. 1996, Aoki et al. 2004 
ʹC@0ėǷƣ/1Ě.ʂ
B
Synechocystis0 sqdBėǷƣ1	SQDGFǏÞ*.ĎĊ+1ǭ
Ⱥ+.0/Į	Synechococcus 0 sqdB ėǷƣ1	ĎĊ40 SQDG ǏÞ0
ƕǞ/ŭ@ ǭȺ+B
Synechocystis0 sqdBėǷƣ+1	3-(3, 4-[Tt
Mk)-1, 1-[dĳȣʸDCMUʹ40ŝñŚʍǭƣ/ƻ5*ʵ	PSIIǇ
ŚĚ±B,@	SQDG  PSII 0ʢğ®ʁîř/ʖ*B
,ȋāC*B
Ƌ	ZInoTfI0 SQDG ùʎ1Ȑ/?'*Ě
Ƿ.A	8$	ĎĊ/ù8CB=ȉʶ0Ǜņ/?'*<ùʎĚė
âB,Ȅ@C*Bʸvan Mooy et al. 2006 
ʹC@0Ȅɖ1	ZIno
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TfI0Ȑ/?'*ǭȺ=ÇöŠ/ĮB SQDG 0ɕƿŚǷ.B,Fȋ
*B
 
 SQDG Ʋź$T~ij\0ėǷƣʸhf-2ʹ+1	QB ȩöYKh0ƪ
ɻėäB,/?A	PSII ǇŚʍǭƣ0 3040%ȏņ8+ǑĲB,
ĐûC*BʸSato et al. 1995, Minoda et al. 2002 
ʹ8$	÷ėǷƣ0əƞ
@	SQDG 1ɐĉŚbpTɨ=}QT\b0ģĥä/<Ī*
B,ȋāC*BʸMinoda et al. 2003, Sato et al. 2003 
ʹ 
 SQDG öŠʉȣ0ʅ®ğ+B SQD2 FƲź$ZKlj]j0ėǷ²
(sqd2) 1	ĤÉ/ SQDGöŠǇŚƲź*BʸYu et al. 2002 
ʹ0 sqd2ė
Ƿ²1	ɹľ0Ďʲƛ¬+1ʍǭƣ,÷ƫ/ǭȺ	PSIIǇŚʸFv/Fmʹ/<
ėäɖ@C.
	0 sqd2 ėǷ², PG öŠ0neTcLėǷ²
ʸpgp1-1ʹ,0ʌėǷ²ʸsqd2pgp1-1ʹ+1	PSII Ì0 QA-0ÍʊäɪA
/.B,=	DCMU/Į*0ŝñŚʵ8B,ĐûC*Aʸ Yu 
and Benning 2003 	ʹSQDG1ɹľƛ¬+1 PSII/Řɕ.	PGƲź$
,/1Řɕ+B,Ǝ@/.'*B
 
 
1-6. ÇöŠ/B PG0Ʊȼ 
 ZInoTfI+1 PG öŠƲźƣ,*Zd[ 5’-ʊ-[IZ
U^ʸ CDP-DG öʹŠʉȣ,z\tHd[U^ʊʸ PGPʹ
öŠʉȣʅ®ğFƲź!$ėǷƣ	cdsA, pgsAèʡC*BʸSato et al. 
2000, Hagio et al. 2000ʹʸ ć 3 
ʹC@0ėǷƣ1ĎĊ/ PGFǏÞ.,É
ǭȺ+.
ĎĊ/åÒ.ʎ0 PGFǏÞ*,/?A	ėǷƣ1ʍ
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ǭƣ,÷ȏņ0ĔƸFȋ
C@0ėǷƣFǯ$ PG0Ʊȼəƞ+1 PGF
ǏÞ$ĎĊ+Ďʲ$ȥȻF PGǞǏÞ0ĎĊ/Ȏ*ĔƸ!	"0,/
ȥȻ$A0 PGùʎ0±/¯'*ɪB	ÇöŠǇŚ0ėäɣ5@C*
B
Ǥ/	PGùʎ±B,	"0Ŏʨ1</ PSII+ɖ@C	QA@ QB
40ʢğ®ʁʗĨCB,+ÇöŠǇŚ±B,ÖƎ$
ʸGombos et al. 2002 
ʹ8$ PG1 PSII0ʎ²ä= PSIIɔö²40ɐĉŚb
pTɨ0ȩö/<ʌɕ+B,Ǝ@/.'$
PGFǏÞ*.ĎĊ
+ pgsA ėǷƣFʒƖʕĎʲB,/?A PSI 0ǇŚ<œ/ǑĲB
ʸDomonkos et al. 2004 
ʹZInoTfI0 PSIʎ²/1èʎ²ŌA 3Òğ
0 PGġĉ*B, XȯȩƐƪɻəƞ@Ǝ@/.'*Bʸ Jordan 
et al. 2001 
ʹ"0&	1Òğ0 PGXIbpTɨ¨ɴ/ġĉ	ƷA0 2
Òğ1èʎ²÷Ė0Ǵʦ/Ĵĉ*B
PsaL 0ɴÂ/ 1 Òğ0 PG ġĉ
*B,@	PG ǑĲB, PsaL  PSI @əʡ	èʎ² PSI ɇȑ
$ʸDomonkos et al. 2004 
ʹ PGFĎĊ/ÍǏÞ*ĎʲB,+	
PsaLPSIɔö²/Íȩö*ʎ²PSIōŠCBʸ Domonkos et al. 2004 
ʹ 
 ZKlj]j+1 PGPöŠʉȣFXi*B PGP1ʅ®ğ/ǝėǷF
<( pgp1-1ėǷ²ʸ Xu et al. 2002 ,ʹ T-DNAŴÈC$ pgp1-2ėǷ²Òʡ
C*BʸHagio et al. 2002, Babiychuk et al. 2003 
ʹpgp1-11ʍǭƣ/ƻ5*
70%	pgp1-2 1 20%ȏņ0 PG FùG+B
pgp1-1 +1Ʌ0ɐǩČ                 
ʶȮɂ/1.B	ÇöŠǇŚȿ²1"C6-ėä.
Ƌ	pgp1-2 1
ëɐǩČFȋ	ɅȮ²0ǸʁĚʗĨC	ÇöŠǇŚ0Ɇ±
ɪA	ĎĊ/Zȟù8C*.,ǭȺ+.
0 pgp1-2ėǷ
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²FƲĎĊ+ǭȺ!B,/?A	PG0ʎǑĲ	©EA/"0§
0ȟȽɨ0ÜöĔÞB,Ǝ@/.'$ʸ Kobayashi et al. 2014 
ʹ8$	
ƲĎĊ+ pgp1-2ėǷ²FǭȺ!B,	ĎĊ/ù8C*BƏ?
A<TtJ0öŠ=ɅȮ²ōŠ1¹ɽCB	PSII0Ʊȼ1±$

0,1	ȟȽɨ1 PSII /B PG 0ƱȼFǾɒ+.,Fȋā*
B
 
 
1-7. PSII/B PG0Ʊȼ 
 Synechocystis sp. PCC 68030 pgsAƣ+1	p\ÇFǯ$TtJɌ
Çǔĥ@	ėǷƣ PG ƲǥŞ/.B, QA@ QB40ʢğ®ʁʗĨ
CB,Ǝ@/.'*BʸItoh et al. 2012 
ʹ8$	PGFǏÞ*.
ĎĊ+ 3ƌʕĎʲ$ pgsAƣ1	BQʸp-xaRnʹFǏÞB,+ QA
@ QB40ʢğ®ʁĚʗĨCB
C1 QBɴÂ/ġĉB PG Òğ
 PGƲǥŞ+əʡ=$;+B,ȶ@C*B
@/	ǡǸÇǔ
ĥ/?A	S2, QB-0ʢɄÍȩöFɐ Boi0±TǓņ PGƲǥŞ+
1±ǓÁ/Zth*$
8$	PGFĎĊ/ÍǏÞB, Boi0±T
Ǔņ1Å0°ȴ/ţB,Ò'$
PGƲƏ0Boi0±T0°ȴ1	
Q oiʸS2, QA-0ʢɄÍȩöFɐʹ0±TǓņ/ɴ)*$
PG Ʋ
ǥŞ0 pgsAƣ+1 BQ0?.¢ĺʢğñĩ²FǏÞB,	ʊȣǸǭǇŚ
ĚǑĲ$ʸHagio et al. 2000; Itoh et al. 2012 
ʹC@0ȩƠ@	pgsA
ƣ+1 QBȩöYKh0ɴÂ/ġĉB PGÒğ	PGƲǥŞ+1ƲźB
,+	QBüɲ0ƪɻ,"0ƱȼŎʨFñ$,ȶ@CB
 
 15 
pgsAƣ@ PSIIɔö²FȞɓ	"0 PSIIFəƞ$ȩƠ	PSII@ PGÒ
ğƲźB,+	PSII 0ijÁ/ŎʨB,Ǝ@/.'$
ʸSakurai et al. 2007 
ʹpgsAƣ0 PSII+1}QPZLT\b0ģĥ
ä/ĪBɐĉŚbpTɨʸPsbO	PsbV, PsbUʹ PG0Ʋ/?Aəʡ
*$
C@0ɐĉŚbpTɨ1	PGƲǥŞ+1 in vivo+< PSII/
ƱȼǺ/ȩö*@ 	"0ȩƠ	}QPZLT\bģĥ
,.A	ʊȣǸǭǇŚȡ 50%/8+ǑĲB<0,ȶ@C*B
@/	
PGƲǥŞ0 pgsAėǷƣ+1èʎ² PSIIɇȑ*B,@	PG1 PSII
0ʎ²ä/<ʌɕ+B,Ò'$ʸSakurai et al. 2003 
ʹ	PSII
0èʎ²ä1ɐĉŚbpTɨ0ƲźėǷƣ+<ɗĭC	Ǥ/psbOėǷƣ
+1èʎ² PSII.AɇȑB
0,@ PSII0èʎ²ä1 PGÒğ0
əʡǽŷʖ*BE+.	PGÒğɐĉŚbpTɨ0ȩö0Ȭů
/Řɕ+A	ɐĉŚbpTɨ PSII@əʡB,+ PSII0èʎ²ä
ɪB<0,ȶ@C*BʸSakurai et al. 2007 
ʹ 
 
1-8. ƙȆȒ0ΔǺ 
 ÆɍȆȒ/B pgsAėǷƣFǯ$əƞ@	PG1 PSII0ƪɻȬů=ʢ
ğ®ʁîř/ŘɕòƲ+B,Ǝ@/.'*BʸGombos et al. 2002, 
Sakurai et al. 2007 
ʹƦ@1	PGƲǥŞ0 pgsAėǷƣ0ȥȻ@ PSIIɔö
²FȞɓ*	PSII/ġĉB PGÒğƅFÒƞ$ʸSakurai et al. 2007 
ʹpgsA
ėǷƣ0 PSII/1æÒ0 PGÒğƷ'*$$;	Ë²Ǻ/ PSIIÌ0-0 PG
ÒğƲź	PSII0Ʊȼ/ŎʨFí7FÖ×+.'$
"0Œ	2011
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ł0 1.9 Å0Òəȼ/B XȯȩƐƪɻəƞ@ʵȞņ. PSII0ƪɻƎ@
/.A	èʎ² PSII$A 5Òğ0 PG0ġĉȊɟC$ʸ Umena et al. 2011 
ʹ
XȯȩƐƪɻəƞ0ȩƠ@	PGÒğ/ġĉBʊȣêğ,ɴÂ0I~nʊƷ
ď0ƽȣêğ,0ƽȣȩöŸĥ+B
"+	5Òğ0 PGÒğ,"C#C
Ǿ´ǯB PSII0I~nʊƷďF×0I~nʊƷď/ȴŹ	"0 PSIIFə
ƞB,+	õ PGÒğ0 PSII/BƱȼFƎ@/+B,ȶ@CB

ƙȆȒ+1 QAɴÂ/ġĉB 2Òğ0 PGʸ PG664, PG694 ,ʹ QBɴÂ/ġĉ
B PGÒğʸPG772ʹ/(*	"C#C0 PG,Ǿ´ǯBbpTɨ0
I~nʊƷďFſė$ėǷƣF´ɓ	"0ėǷƣ0 PSII FəƞB,+
õ PGÒğ0ƱȼFƎ@/$
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ć 1 ÇöŠ/Bʢğ®ʁ 
ʸAʹdXKiȾ+ɪBÇöŠ0ʢğ®ʁ, ATP öŠ
ʸ BʹÇǠį
C$,/ɪB}QT\b0ǥŞėä
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ć 2 X ȯȩƐƪɻəƞ/?'*Ǝ@/.'$ T. vulcanus 0 PSII 0ƪɻ
ʸUmena et al. 2011ʹ 
ʸA, Bʹɔö²F@ɖ$,0ƪɻʸAʹbpTɨYukeh09ɐ
ȋC*Bʸ B bʹpTɨYukeh/Þ	ȽɨÒğ<ɐȋC*B

MGDG	DGDG	SQDG	PG 0ǜȣêğF"C#CȤɂ	ʶɂ	ƽɂ	Ȯɂ+
ȋ*B
8$	ʊȣêğ,êğFɩɂ,ưɂ+ȋ
ʸ CʹƮ@ɖ$
,0ƪɻ
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ć 3 ZInoTfI/BȽɨ0öŠȨɭ
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2Ȗ 
 
PSII/ȩö*B PG664, PG6940Ʊȼ 
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2-1. ńɤ 
 
1Ȗ+ɛɶ$?/ Thermosynechococcus vulcanus0 PSII0 XȯȩƐƪɻə
ƞ/?A PSII /1èʎ²$A 20 ¼0ȽɨÒğʸ6 Òğ0 MGDG. 5 Òğ0
DGDG, 4Òğ0 SQDG, 5Òğ0 PGʹȩö*B,ŸĥC$
PG/(
*1	n}n}Ǵʦ	QAȩöYKh0ɴÂ/ 3ÒğʸPG664, PG694, 
PG702 	ʹQBȩöYKh0ɴÂ/ 1ÒğʸPG772 	ʹCP43, D1/ D2wfcK}
0ʕ/ 1ÒğʸPG714ʹġĉ*Bʸć 4 
ʹC@0 PGÒğ0ƩŚʬʇ
1É*\h}Á/ø*B
 
PG1 PSIIɔö²0ƪɻ0Ȭů	ɐĉŚbpTɨ0ȩö= QBȩöYKh0
Ʊȼ0Ȭů/ʌɕ+B,ȶ@C*B,F 1Ȗ/*ɡƎ$
8$	
ʍǭƣ+1èʎ² PSII$A 6ÒğB PG	PGƲǥŞ0 pgsAėǷƣ0
PSII+1 3Òğ/ǑĲ*$ʸSakurai et al. 2007 
ʹ	-0 PGÒğ
PSII@Ʋź	õ PGÒğ-0Ʊȼ/ŎʨFí7$,,1	pgsA
ėǷƣFǯ$əƞ+1Ǝ@/+.'$
"+ƙȆȒ+1	X ȯȩƐ
ƪɻəƞ+ȊɟC*B PG Òğ"C#C-0?.ŏÜFů'*	PSII
0Ʊȼ/Ī*B0FƎ@/B,FΔǺ,$
ƙȖ+1 PSII 0
ʼ(0 PGÒğʸPG664, PG694ʹ,Ǿ´ǯ*B D1bpTɨ0I~n
ʊƷďʸ Ser-232	Asn-234 Fʹſė$ėǷƣF´ɓ$
´ ɓ$ėǷƣ0 PSII
0ėäFɣ5B,+õ PGÒğ0ƱȼəƞFɍ'$
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2-2. ƚƈƋǂ 
ƙȆȒ+1 Synechocystis sp. PCC 68030UX\ȸŚƣF<,/ėǷƣF
´ɓ	ĦʳFɍ'$
ʍǭƣ,ėǷƣ0ȥȻ1 30oC	20 µmol photons m-2 s-1
0ɼȫÇFǠį*Ďʲ$
Ďʲ1 4 mM HEPESʸpH 7.5ʹFù: BG11ĎĊ 
ʸAllen et al. 1968 +ʹɍ	ĬěĎĊ/1 0.3%ʸ w/v dʹOȉʊjhL	1.5%
ʸw/vʹBacto agar FǏÞ$
ėǷƣFĎʲBʞ/1	õŨǭǣɨ	N\
}KZʸEm 	ʹTtMkXʸCm 	ʹ\yTdn}KZʸSpe 	ʹ
\hvh}KZʸStr 	ʹPj}KZʸKmʹ0ȦǛņ 20 µg mL-1	fh
YKTʸTcʹ0đö/1 15 µg mL-1/.B?/ĎĊ/ǏÞ$
ǌ²
Ďʲ+1 50 mL0BG11FÈC$ɜʳț/ 1% CO2Fù:ȓƼFɹƼ*Ďʲ
$
PSIIȞɓ0$;0ĚʎĎʲ1 2 L0ĎʲĩĂ+\bFŻŬ!.@
Ďʲ$
 
 
ʇ°ǤǷǺėǷƣ0´ɓ 
ÇäĢȠ II ɔö²0I~nʊƷďFſė$ėǷƣF´ɓB$;	
Synechocystis sp. PCC 68030 psbA2ʅ®ğFTkU$v\~iF´ɓ
$
psbA2FTkU$ pNA219v\~i/1	psbA2ʅ®ğ0ǈ
/Pj}KZȸŚʅ®ğP^ehʸKmRʹİÈC*BʸMizusawa et al. 
2004 
ʹʇ°ǤǷǺėǷ0İÈ1 QuikChange Site-Directed Mutagenesis Kitʸ Agilent 
TechnologiesʹFµǯ$
 
 ʇ°ǤǷǺėǷƣF´ɓB$;/	´ɓ$v\~iFǯ*	psbA1	 
psbA2, psbA3/ɉÛȸŚʅ®ğP^ehFİÈ$ [psbA1: CmRʸT
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tMkXȸŚʅ®ğP^ehʹ, psbA2: SpeR / StrRʸ\yTdn}KZ/
\hvh}KZȸŚʅ®ğP^ehʹ, psbA3: TcRʸfhYKTȸ
Śʅ®ğP^eh ]ʹ	Synechocystis0 D1bpTɨƲźƣʸB-His NAAʹ4
ōɨɮŹ$ʸMizusawa et al. 2004 
ʹ8$	0ōɨɮŹ/ǯ$ D1Ȉĕƣ/
1q\d[bUF¨Þ$ CP47 bpTɨFXiBʅ®ğFİÈ	 
ʅ®ğǈ/1N\}KZɉÛȸŚʅ®ğP^ehʸErRʹİÈ*
B
ōɨɮŹŒ	"C#C0ōɨɮŹ²1 Er, Cm, Km, TcFǏÞ$ĎĊ+ʄ×
$
ʇ°ǤǷǺėǷFİÈB$;/µǯ$vK}1	ª0ɹA+
 B 
 S232A: 5’-CCGAAGTTGAAGCCCAGAACTACGGTTACAAATTC-3’ , 
5’-GAATTTGTAACCGTAGTTCTGGGCTTCAACTTCGG-3’ 	 N234D: 
5’-CCGAAGTTGAATCCCAGGACTACGGTTACAAATTC-3’ , 
5’-GAATTTGTAACCGTAGTCCTGGGATTCAACTTCGG3’ 	 S232AN234D: 
5’-CCGAAGTTGAAGCCCAGGACTACGGTTACAAATTC-3’ , 
5’-GAATTTGTAACCGTAGTCCTGGGCTTCAACTTCGG-3’
 
 
ÇöŠǇŚ0ǔĥ 
ȥȻ0ÇöŠǇŚʸ ʊȣǸǭǇŚ 0ʹǔĥ/1	ĮƅĔƸƖʸ OD730 = 0.61.0ʹ
0ȥȻFµǯ$
ȥȻFʃŗʸ2,300	gʹ/?'*Ąï	ǁƺ$ȥȻF
BG-11ĎĊ/ 10 µg Chl mL-1/.B?/şǚ$
"0ȥȻşǚǌFŊÇ+
bZMKPʸNR-3 TAITECʹFµǯ* 1 ƏʕKRxh$
ʸ120 rpm 
ʹ"0Œ	TtJǛņF 5 µg Chl mL-1/Ľʋ	TTČ
ʊȣʢƩʸHansatechʹFǯ*ǔĥ$
ȥȻ0 PSIIǇŚFǔĥBđö	õ
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ȐRn[BQ, DCBQ (2, 6-[TxaRn), DMBQ (2,6-[dxa
Rn)], 2 mM0tMZIPLʸFecyʹFǔĥǽÚ/ǏÞ$
8$
èʡ$ PSIIɔö²0đö1 4 mM tMZIäPLʸFecyʹFǏÞ
*ǇŚǔĥFɍ'$
 
 TtJɌÇǑɑ0ǔĥ/1ʊȣǸǭǇŚ,÷ƫ/ȥȻ0TtJ
ǛņF 5 µg Chl mL-1 /ɣƆŒ	10 ÒʕƑŤ+KRxh	Double 
Modulation FluorometerʸPhoton Systems Instrumemtʹ+ǔĥ$
QA@ QB4
0ʢğ®ʁFʗĨB DCMUFµǯBđö	ǔĥ0 2ÒÚ/Yv/ȦǛ
ņ 10 µM0 DCMUFǏÞ$
8$	ŕ@C$ǔĥgbF Vass@/?Bʖ
ƅ/tJefJU!B,/?A Fast	Middle, Slow phase0¾FȚÑ
$ʸVass et al. 1999 
ʹ 
 
ǡǸÇǔĥ 
ǡǸÇ0ǔĥ1 Ohad et al.ʸ 1990ʹ0ƋǂF<,/ɍ'$
ĮƅĔƸƖ0ȥȻ
Fʃŗ/?AĄï	7 µg Chl/ǾŌBȥȻFǡǸÇǔĥ/µǯ$
DCMU
FǏÞBđö	ǛȲÚ0Ďʲǌ/ȦǛņ 10 µM/.B?/ǏÞ	ʃŗŒ
0ȥȻşǚǌ/<ȦǛņ 10 µM0 DCMUFÞ$
ɜƈ1 20ÒʕƑŤ+K
RxhFɍ	PSII 0v\hRnFʊäǥŞ/$Œ	ʓÇFĄǠ
į*ǔĥFʔĝ$
 
 
dXKiȾ, PSIIɔö²0Ȟɓ 
dXKiȾ, PSIIɔö²0Ȟɓ1	Kashino et al. (2002)0ƋǂFſɁ$
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8 L0Ďʲǌ@ȥȻFĄï	Ȱɏǌ A [50 mM MES-NaOH (pH 6.0), 10 mM 
MgCl2, 5 mM CaCl2, 25% (w/v) U^]+ȥȻF 1Ąǆǉ$
"0Œ	ǆ
ǉ$ȥȻF	EDTAFù8.vfI_KqrbʸjPKf\Tʹ
FÞ$Ȱɏǌ A /Íşǚ$
ȥȻşǚǌ,αʎ0Q\r]ʸǽŐ 0.1 
mmʹFĩĂ/ÈC	10ȍȈȇ	3ÒÀƴ	20YKT0bKvU+ȥ
ȻFȈȇ$ʸBEAD-BEATER, Model 1107900, BIOSPEC PRODUCT 
ʹ"0Œ	
ȈȇǌFʃŗʸ2100	g, 8Òʹ	ƗȈȇȥȻ,Q\r]FðAʚ$Œ	
ǐFɫʃŗÒʡʸ 109,000	g, 30Ò ʹB,+dXKiȾǳÒFĄï$

dXKiȾǳÒ1 1 mg Chl mL-1ª/.B?/ȰɏǌA/şǚ*ºġ
$
 
PSIIɔö²FȞɓB,1	Kashino et al.ʸ 2002ʹ0vhX/ŔĦʳ
Fɍ'$
dXKiȾFòǘäB,1	dXKiȾF 1 mg Chl mL-1/
.B?/Ȱɏǌ A+şǚ	ȦǛņ 1%/.B?/ 20% n-igZ-D-}
hZiʸ DM FʹǏÞ$
òǘä1\b+>'AŽŬ.@	4oC
+ 20Òʕɍ'$
"0Œ	ʃŗʸ26,000	g, 20Òʹ/?AǘǳÒFʚ$
ǐF Ni-ItJkfJPʸNi-NTA column; Qiagenʹ/¶	PSIIɔö²F
P/úȁ!$
P²ȑ,αʎ0Ȱɏǌ B [50 mM MES-NaOH (pH 6.0), 
10 mM MgCl2, 5 mM CaCl2, 25% (w/v) U^, 0.04% (w/v) DM, 5 mM q
\d[]	"0Œ	P²ȑ0 9½ʎ0Ȱɏǌ C [50 mM MES-NaOH (pH 6.0), 
10 mM MgCl2, 5 mM CaCl2, 25 % (w/v) U^, 0.04% (w/v) DM]+ǆǉ
$
P0 4½ʎ0Ȱɏǌ D [50 mM MES-NaOH (pH 6.0), 10 mM MgCl2, 5 mM 
CaCl2, 25 % (w/v) U^, 0.04% (w/v) DM, 100 mM q\d[]+ PSIIɔ
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ö²FǘÑ	I~XLhʸ10 kDa, MerckʹFǯ*ǛȲ$
PSII
0èʎ²,ʎ²0Òʡ1	5-30% (w/v) U^īņãʈʃŗ+ɍ'$

Gradient Masterʸmodel 107ip; Biocompʹ+U^īņãʈF´ɓ	
180,000 	g	 4oC	16Əʕ+ʃŗ$
 
 
igZȉʊjhL-|ITI~iWʢƼǅâʸSDS-PAGEʹ 
SDS-PAGE1 Kashino et al. (2002)0Ƌǂ/Ŕ	18-24%0|ITI~i	
6 Mĳȣ0WF´ɓ	1/ 5 µg Chl/ǾŌB PSIIFµǯ$
ǅ
âŒ0W1 CBBʸT}ZuIhuʹR250+ơɂ$
 
 
ȽɨÒƞ 
Ȟɓ$ PSIIɔö²@Bligh and Dyer (1959)0Ƌǂ/Ŕ	ȽɨFŪÑ$

75 µg Chl/ǾŌB PSIIɔö²@ŪÑ$ȽɨF	ɈĶT}hUtJ
+õȽɨT\/Òʡ$
ŕ@C$õȽɨT\1Wada and Murataʸ1989ʹ
0Ƌǂ/Ŕ	Q\T}hUtJʸGCʹ+Òƞ$
 
 
ɂȣÒƞ 
TtJǛņ1 Arnon et al. (1974)0Ƌǂ+ǔĥ$
PSIIɔö²/ġĉ
BtJOtJd1 Kobayashi et al. (1990) 0Ƌǂ/Ŕ'*Òƞ	PSII/1
èʎ²$A 2Òğ0tMOtJdġĉB,* PSIIèʎ²$A0T
tJ=õȽɨÒğƅFȚÑ$
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2-3. ȩƠ 
 
ʇ°ǤǷǺėǷİÈƣ0´ɓ 
 PSIIɔö²0 XȯȩƐƪɻəƞʸ1.9 Å0Òəȼʹ/?A	PSIIɔö²/ġ
ĉB 5Òğ0 PGʸPG664, PG694, PG702, PG714, PG772ʹ0ɞȥ.ĴĉƎ@
/.'$ʸUmena et al. 2011 
ʹ3(0 PGÒğʸPG664, PG694, PG702ʹ1 QA
ȩöʇ°0ɴÂ/ġĉ*B
D1 0 Ser-232 , Asn-234 0I~nʊƷď1	
PG664, PG6940ʊ=U^ʴƥ0ʊȣ,ɴŷ*A	ȷ1ƽ
ȣȩö*B,ȶ@CB
Ser-232 0I~nʊƷď0ʊȣêğ1 PG664 0
O2êğ, 3.6 Å	PG6940 O5êğ, 2.6 Å0°ȴ/B
8$ Asn-2340ʊȣ
êğ1 PG6640 O1êğ, 2.8 Å	PG6940 O4êğ, 2.9 Å0°ȴ/Bʸć
5B 
ʹC@0I~nʊƷď, PGÒğ0Ǿ´ǯFėä!B$; psbA2ʅ®
ğ/ʇ°ǤǷǺėǷFİÈ	3 (0ėǷƣ	S232A	 N234D	 S232AN234D
F´ɓ$
ʇ°ǤǷǺėǷƣ0´ɓ0$;	D1 bpTɨƲźƣʸB-His N
AA Fʹz\hƣ,*µǯ$
Synechocystis sp. PCC 68030 D1bpTɨ
1 psbA1 ʸslr1181 	ʹpsbA2 ʸslr1311 	ʹ psbA3 ʸsll1867ʹ, 3(0ʅ®ğ
/XiC*B
B-His NAA ƣ+1C@0ʅ®ğF"C#C	CmR	 
Spe/StrR	TetR 0ɉÛȸŚʅ®ğP^eh+ȴŹB,+Ȉĕ*B
C
@0 psbA ʅ®ğ1Ǭēƛ¬+ʅ®ğǸǩėäB,Ȅ@C*A	
Synechocystis+1ɹľ	8$1ŋÇ+ psbA2ʅ®ğ0Ǹǩ<',<ʵ,
Ǝ@/.'*BʸMohamed and Jansson 1989 
ʹSer-232, Asn-2340I~
nʊƷď1 3(0 PsbAbpTɨ+ºġC*A	8$	§0ZInoTf
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I=ʵαƧǣ0ʕ+<ºġC*Bʸć 6 
ʹ"0$; psbA2 ʅ®ğ/ėǷ
FİÈ*	D1bpTɨƲźƣ/İÈB,/$
 
 ʇ°ǤǷǺėǷƣ0ʄũ0$;	psbA2 ʅ®ğ0ǈ/B speA ʅ®ğʫč
/ KmRȸŚʅ®ğFŴÈ$
Km Fù: BG11 ĎĊ+ėǷƣ0ʄũFɍ'$
Œ	PCR/?Aʅ®ğČFȊɟ$
ć 7/ȋ?/	B-His NAAƣ+1
Spe/StrRȸŚʅ®ğFù:	ȡ 3.0 kbp 0oiƨÑC$
Ƌ	ʇ°ǤǷ
ǺėǷƣ1 3.2 kbp0°ȴ/oiƨÑC$
2.6 kbp¨ɴ/ġĉBoi
1ʥǤǷǺ.oi+B,ȶ@CB
@/	ėǷƣ+ĒďȴŹɪ'
*B,F DNA0ĒďʈÔFǀĥB,+Ȋɟ$
C@0ȩƠ/?A
ŕ@C$ėǷƣ+1	psbA2ʅ®ğʇ°ǤǷǺėǷFİÈ$ėǷČ0 psbA2
ʅ®ğ,ĤÉ/ȴŹC*B,Ǝ@,.'$
 
 
ʇ°ǤǷǺėǷƣ0ĔƸ,ÇöŠǇŚ 
Xhƣ+B pNA2ƣʸB-His NAAƣ/ʍǭČ0 psbA2FİÈ
$ƣ 	ʹʇ°ǤǷǺėǷƣ0 S232A, N234D, S232AN234Dƣ0ĔƸƒȯFć 8/
ȋ
C@0ėǷƣ1ɹľÇ+1ÇǦȕƢʲǺ/ĔƸ+B	Xh
ƣ,ƻ5	==±ĔƸɺņFȋ$
ɐ 1 /ȋ$?/	þú+ǋɧ
CBʊȣFļŉ$ʊȣǸǭǇŚ+BȢÇöŠǇŚʸNetǇŚʹFǔĥ
$ȩƠ	Xhƣ0ǇŚ1 230 µmol O2 mg Chl-1 h-1+BƋ	S232A	
N234D	S232AN234D ėǷƣ+1Xhƣ0 85%ȏņ8+ǇŚǑĲ
*$
8$	¢ĺʢğñĩ²+B BQ1×/ QB@ʢğFñðB,ȶ
@C*B (Satoh et al. 1955, Kashino et al. 1996)
BQFǏÞ* PSIIǇŚʸƽ
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@ BQʹFǔĥ$,	Xhƣ0ǇŚ1 280 µmol O2 mg Chl-1 h-1,
.A	Net ǇŚ?A<ƍ*$
	S232A	 N234D	 S232AN234D
ėǷƣ+1 PSIIǇŚXhƣ0 25%6-/ĚĿ/ǑĲ*$
PG
Ʋ$ pgsAƣ+1	BQFǏÞB, PSIIʗĨC	ǇŚĚǑĲ
B,Ǝ@/.'*B (Hagio et al. 2000)
ª0ȩƠ@	ėǷƣ/
BĔƸɺņ,ÇöŠǇŚ0±1	QBȩöYKh0ėä/?AŉɪC
$<0,ȶ@CB
8$	ć 9 /ȋ?/	S232AN234D ƣ+1 Net ǇŚ
FǔĥB,/	ŊǔĥÇFǠį$đö1Xhƣ,÷ȏņ0Ǉ
Śŕ@CB
	900 µmol photons m-2 s-10ǔĥÇ+ǇŚ¾1ʰĀ	"
0ǇŚ¾1Xhƣ,ƻ5±*$
ƙȆȒ0Ďʲƛ¬+1	X
hƣ,ėǷƣ167αÇöŠǇŚġĉ*B	ĔƸɺņ/ę
Ĳʂɖ@C$
 
8$	§0ʢğñĩ²+B DCBQ , DMBQ FǏÞ$,0ȥȻ0 PSII
ǇŚFǔĥ$ (ć 10)
Xhƣ+1 DCBQ FǏÞ$đö1 PSII Ǉ
ŚɃŀǑĲ*8<00	BQ , DMBQ +1ǏÞBʢğñĩ²0Ǜņ
0ĔÞ/¯'*	PSIIǇŚʵ.'$
ėǷƣ+1 BQ, DMBQFʢğñĩ
²,$đö	PSII ǇŚ1Xhƣ,ƻ5*Ě±B	Ƌ+
DCBQ0đö09 œ/ǇŚĔÞ$
QA@ QB40ʢğ®ʁFʗĨB
DCMU Fʢğñĩ²,÷Ə/ǏÞ$đö1	Xhƣ,É*0ėǷƣ
+ǇŚ167_/.A	C@0ʢğñĩ²1 QB@ʢğFñð'*B
,E'$
ª0,@	ėǷƣ+1 QA ȩöYKh+1.	QB ȩ
öYKh/Ě.Ŏʨǭ*B,ȶ@CB
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QA@ QB40ʢğ®ʁɺņ 
Xhƣ,ėǷƣ/BQA@QB40ʢğ®ʁɺņFɣ5B$;	
p\ÇFØǯ$TtJɌÇ0ǑɑFǔĥ$ʸ ć 11 
ʹXh
ƣ0ȥȻ/*	ʰĀÇFǠįB,	QAĤÉ/ʆÅǥŞ/.B,@
TtJɌÇ1Ěƍ$
"0Œ	ʢğ QB /®EB,/?A
QAʊäC	TtJɌÇ<Ǒɑ$
ėǷƣ+1TtJɌÇ0
ǑɑXhƣ,ƻ5ɾ.'*A	ʆÅC$ QA0Íʊäɾ.
'*B
(8A QA@ QB40ʢğ®ʁɾ.'*B,Ǝ@,.
'$
8$	S232AN234DėǷƣ+1 S232A, N234D?ATtJɌÇ0
Ǒɑɾ,@	QA @ QB 40ʢğ®ʁʗĨC*B,Ǝ@
/.'$ʸɐ 2 
ʹDCMUFǏÞ* QA@ QB40ʢğ®ʁFĤÉ/ʗĨ$
,0	TtJɌÇ0Ǒɑ1	×/ QA-, S2ǥŞ0}QT\b
,0ʢɄÍȩö/ɪąB
ć 11+ȋ$?/	Xhƣ,ėǷƣ0
DCMU FǏÞ$,0TtJɌÇ0Ǒɑƒȯ1	67÷ō+'$
	0.1 ȍ@ėǷƣ0ǑɑɃŀɾ.'*B$;	QA-, S20ʢɄÍ
ȩö0ɺņ/ęĲ0ʂB,ȋāC$
 
 
ǡǸÇ\yTh 
ć 12 /ȋ?/	DCMU 0ʥġĉ,ġĉ+ǡǸÇ0ǔĥFɍ'$

DCMUFǏÞ.,	ǡǸÇǔĥ+1 Boi,þ2CB QB-, S20ʢɄ
Íȩö/ǱƜB±TɗĭCB
Xhƣ+10 B oi0±
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T1 34oC+'$	ėǷƣ+1 30oC4,±ǓÁ/Zth$
DCMUF
ǏÞ$,1	QA-, S20ʢɄÍȩö/ǱƜB Q oiFǔĥB,
+B
0 Qoi0±TǓņ1Xhƣ,ėǷƣ+ 11oCȏņ+
A	ȷ/ʂɖ@C.'$
Qoi0±TǓņ1ėä! 	Boi
0±T09ėǷƣ+±ǓÁ/Zth$,@	ėǷƣ+1Xh
ƣ,ƻ5* QB0ʊäʆÅʢ°±*B,ȋāCB
 
 
PSIIɔö²0bpTɨȧŠ,I^uǥŞ 
ʇ°ǤǷǺėǷFİÈ$ PSII ɔö²/BŎʨFɣ5B$;	Xh
ƣ, S232AN234DėǷƣ@ PSIIɔö²FȞɓ$
PSIIɔö²0ʇ+
B CP47/İÈ$ 6	q\d[bUFØǯ*	Ni-ItJkfJP
+ PSII 0èʡFɍ'$
ėǷƣʕ+ȥȻ0ĔƸɺņ=ÇöŠǇŚ/Ě.ʂ
.,@	PSII ɔö²0əƞ/1 S232AN234D ėǷƣ09Fµǯ$

Xhƣ,S232AN234DėǷƣ@Ȟɓ$dXKiȾF1%0DM+
òǘä$
òǘä$dXKiȾ@ Ni-ItJkfJPFµǯ*
PSIIɔö²FȞɓ	@/	U^īņãʈʃŗ+èʎ² PSII,ʎ
² PSII/Òʡ$
Xhƣ, S232AN234Dƣ+1èʎ²,ʎ²0ƻ
?" 1:3+Aȷ0ʕ/ʂ.,@	PSII0ʎ²ä1ėǷƣ
+<ŎʨFñ*.,ȋāC$
ć 13 /ȋ?/Ȟɓ$ PSII
0 SDS 0ȩƠ@	ʎ² PSII +1 CP47	CP43	D1	D2	PsbE .-0Yu
keh1Xhƣ,ėǷƣ+÷αʎġĉ*$
	ėǷƣ+
1 PsbQ 0ʎE /ǑĲ*B,Ò'$
Ƌ+	èʎ² PSII +
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1 CP47	CP43	D2	D1	PsbQ= Psb270ʎ/ʖ*	Xhƣ,ėǷ
ƣ+1ʂ.'$
	ėǷƣ0èʎ² PSII +1ɐĉŚbpTɨ+
B PsbV, PsbUĚǑĲ*$
C@0ɐĉŚbpTɨ1īņã
ʈʃŗ+ÒʡBÚ0 PSII +<ĚǑĲ*A	ɐĉŚbpTɨ0əʡ
1īņãʈʃŗêą+1.,ȶ@CBʸć 14 
ʹ8$	ėǷƣ0èʎ²
PSII+1 PsbOXhƣ,ƻ5Ƀŀ%ǑĲ*$
ĮǠǺ/	ėǷ
ƣ0èʎ² PSII+1 Psb28Xhƣ,ƻ5*ɇȑ*B,Ǝ@
,.'$
 
C@0Ȟɓ$ PSII ɔö²0ʊȣǸǭǇŚFǔĥ$,D	èʎ²,
ʎ²ǎ'*BǥŞ0PSII+1	Xhƣ0ʊȣǸǭǇŚ1,960  
90 µmol O2 mg Chl-1 h-1+B	S232AN234D ėǷƣ0ǇŚ1 1,430  150 
µmol O2 mg Chl-1 h-1 (n > 3),	ėǷƣ0ǇŚ1Xhƣ0 25%6-±
*B,Ǝ@/.'$
0,1	ėǷƣ0 PSII +1ɐĉŚbpT
ɨəʡ*B,	ʊȣǸǭǇŚ0±Fŉɪ*BòȼŚFȋ
ā*B
 
 
PSIIɔö²/ȩö*BȽɨ 
ɐ 3/ȋ?/Ȟɓ$ PSIIɔö²0ȽɨT\F TLCʸɈĶT}hU
tJʹ+Òʡ	Ƚɨ0ʎF GC +ĥʎ$
èʎ²,ʎ²Fù:ǎö
PSII+1ÉȽɨ/ĮB PG0Üö1Xhƣ+ 22.3%+'$	ėǷ
ƣ+1 19.6%/ǑĲ*$
8$īņãʈʃŗ+Òʡ$ʎ² PSII +1	
Xhƣ0 PG0Üö1 27.6%+B0/Į*	ėǷƣ+1 25.3%,Ǒ
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Ĳ*$
PG ǑĲ$0/Į	"0Ò MGDG ĔÞ*$
DGDG
, SQDG /ʖ*1Xhƣ,ėǷƣ0ʕ+1ʂɖ@C.'$

@/	ɐ 4 /ȋ?/õȽɨ0ȽȹʊȧŠ1Xhƣ,ėǷƣ0ʕ
+ʂ1Ȋɟ+.'$
 
8$	èʎ²$A0 PSII /ġĉBtMOtJd0ÒğƅFď/$	
PSII èʎ²$A0õȽɨ0ÒğƅFȚÑ$ʸɐ 5 
ʹS232AN234D ėǷƣ/
B PSII 0 PG Òğƅ1Xhƣ,ƻ5Ĳ..'*A	"0Ò
MGDG 0ÒğƅĔ*$
C@0ȩƠ@	ėǷƣ0 PSII ɔö²+1
PG664 PG6940-&@0 PGMGDG/ȴŹE'*B,ȶ@C$
 
 
2-4. ȶĭ 
 
PSII 0Ʊȼ/ PG ,"0ɴÂ0I~nʊƷď0Ǿ´ǯ-0?/ʖ
*Bɣ5B$;	D1 bpTɨ0 Ser-232 , Asn-234 Fſė$ėǷƣF
´ɓ$
C@0I~nʊƷď1ZInoTfI%+.	ʵαƧǣ/
<ºġC*B,Ò'*Bʸć 6 
ʹ8$ T. vulcanus0ʎ² PSII0
XȯȩƐƪɻəƞ/BȽɨÒğƅʸ Umena et al. 2011 ,ʹ Synechocystis0 PSII
ʎ²0ȽɨÒƞʸSakurai et al. 2006ʹ0ȩƠ?ɀ*B
ƙȆȒ/
*	I~nʊƷďFſė$ėǷƣFəƞ$ȩƠ	S232A	N234D	
S232AN234DėǷƣ1ÇǦȕƢʲǺ/ǭȺ+B<00	ÇöŠǇŚ= QA@
QB40ʢğ®ʁɺņ±*$ʸć 11	ɐ 2 
ʹC@0ȩƠ1	PGÒğ
ʸPG664 , PG694ʹ,ɴÂ0I~nʊƷď,0Ǿ´ǯ0ſė	ȥȻ0ĔƸ
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/1ĚŎʨ.	QA@QB0ʢğ®ʁ/ŎʨB,Fȋ*B
 
ŌȆȒħ0ÆɍȆȒ/?A	PGFǏÞ.ĎĊ+ǭȺ!$ PGöŠƲź
ƣʸpgsAʹ1	ʊȣǸǭǇŚ±	8$	PSII ǇŚ1 BQ FǏÞB,
+ĤÉ/ʗĨCB,Ǝ@/.'*BʸHagio et al. 2000 
ʹ8$	pgsA
ƣ1 PGƲƛ¬+ QA@ QB0ʢğ®ʁɺņĚʗĨC	Ǥ/ QA
@ QB0ʢğ®ʁFȋ Fast phase0ɺņ±*B,p\ÇFØǯ
$TtJɌÇǔĥ0ȩƠ@Ò'*Bʸ Gombos et al. 2002 
ʹ8$	
0 PGƲƛ¬+1 pgsA0 PSIIɔö²Ì0 PG0ùʎ1ȡæÒ/ǑĲ*
$ʸSakurai et al. 2007 
ʹC@0ȩƠ@	pgsAƣ/*	PSII0 QBȩöʇ
°0ƪɻ0ėä1	PSIIɔö²Ì0ȡæÒ0 PGƲź$,/?Aŉɪ
C$,ȶ@CB
ƙȆȒ+´ɓ$ėǷƣ+1 QA@ QB40ʢğ®ʁ=
BQ FǏÞ$,0 PSII ǇŚʗĨC$
"0$;	C@0ėǷƣ+1
PGÒğ,I~nʊƷď0Ǿ´ǯFſė$$;/	PSII@ PGÒğəʡ
	QBȩöYKhüɲ0ƪɻėäŉɪC$,ȶ@CB
 
ÆɍȆȒ/*	DʻbpTɨ0 S232, N234FùG+B D-Ewe
T\ʫčFƲź!$ėǷƣFǯ$ȆȒƅęĐûC*A	0ʫč
1 D1 bpTɨ0»Ŗ,Rn0ȩö/ʌɕ+B,ȋāC*B
ʸKless et al. 1994, Nixon et al. 1995, Mulo et al 1997 
ʹ"C@0ėǷƣ+1	0
QBȩöYKhęĲėäB<00	D1bpTɨ0bOo=ÇǦȕ
ƢʲǺ.ĔƸ1ʗĨC.,Ò'*B
QA ȩöYKh+1. QB
ȩöYKhėäB,ȩƠ1	ƙȆȒ+0əƞȩƠ,ȃǿ.ȩƠ+
B
0,1	D-EweT\FƲź!$ėǷƣ+1 PGÒğ,Ǿ´ǯ
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*B S232, N234Ʋź$,/?A	QBȩöYKhėä$,ȶ
@CB
 
QA , QB 0Ʊȼ0ėäFƎ@/B$;/ɍ'$ǡǸÇ\yTh0ǔĥ
ȩƠ@	ėǷƣ0 B oi0±T°ȴ1Xhƣ,ƻ5	±ǓÁ/
Zth*B,E'$ʸć 12 
ʹƋ	Qoi0±TǓņ1É*0
ƣ+ʂ.'$
0,1	ėǷƣ+1 QB0ʊäʆÅʢ°Xh
ƣ/ƻ5*±*B	<1 S20ʊäʆÅʢ°ʵ.'*B,
Fȋ*B
	QA, S20ʢɄÍȩö/ǱƜB Qoi0±TǓņ
1Xhƣ,ėǷƣ+6,G-ļ.'$$;	S2 0ʊäʆÅʢ°
ėǷƣ+ʵ.'*B,1ȶ/
ėǷƣ+1 QA, S20ʊäʆÅʢ°
,</÷ȏņ	ƍ8$1±*BòȼŚFȶBŘɕB	DCMU
FǏÞ$đö0TtJɌÇǔĥ@	ėǷƣ+1 QA, S20ʢɄÍȩ
ö0ɺņ/Ě.ļɖ@C.'$
C@0ȩƠ1ėǷƣ+1 QB0ʊäʆ
Åʢ°±*B,Fȋ	QA, S20ʊäʆÅʢ°/1Ě.ėä.
,Fȋā*B
ėǷƣ+1 QB0ʊäʆÅʢ°±$,+ QA,
QB0ʊäʆÅʢ°0ļı.A	QA@ QB0ʢğ®ʁɺņɾ.'$
<0,ȶ@CB
 
ÆɍȆȒ@ʸGombos et al. 2002 	ʹPGƲǥŞ0 pgsAƣ0ȥȻ0ǡǸÇǔ
ĥ@	Boi0±TǓņ PGƲÚ0ȥȻ,ƻ5*±ǓÁ/Zth*
B,Ǝ@/.'*B
PG ƲÚ0ȥȻ0 B oi0±TǓņ1
30oC +B0/Į	PG ƲǥŞ+ 9 ƌʕĎʲ$ȥȻ0±TǓņ1 16oC
8+±$
PGƲǥŞ0 pgsA0ȥȻ+Boi09ZthB,1	
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PSII +Ʋź$ PG  QA+1. QB0Ʊȼ/ŎʨF*B,Fȋā
*B
C@0ǡǸÇǔĥ0ȩƠ1ƙȆȒ+´ɓ$ėǷƣ+<ɖ@CB	
pgsAƣ06ʇ°ǤǷǺėǷƣ?A< PSII0Ʊȼ/?AʟĨɖ@C$

0ǫǱ,*	ƙȆȒ0ʇ°ǤǷǺėǷƣ+1 PG664, PG6940-&@ 1Ò
ğƲź*MGDG/ȴŹE'*$0/Į	PGƲǥŞ+Ďʲ$pgsA
ƣ+1 PSIIÌ0æÒ0 PGƲź*$,Ų@CB (Sakurai et al. 2007)

	pgsAƣ/*-0 PGÒğ PSII @əʡ*B01Ǥĥ+
.
@/	PG1PSIIɔö²%+.	PSIɔö²/<ġĉ*A (Kubota 
et al. 2010, Jordan et al. 2001) 	8$	|bpTɨ0Ƚɨ»ʱ/<Řɕ+B 
(Mizusawa and Wada 2012)
"C>	PGƲǥŞ+Ďʲ$ pgsAėǷƣ+1
PSII%+.	ƫ.ėäɪAʕŷǺ/ PSII/ŎʨFí7*Bòȼ
Ś<B
 
ȽɨÒƞ0ȩƠ@	S232AN23DėǷƣ0 PSII+1 PG6648$1 PG6940
-&@0 PGÒğƲź*B,Ǝ@/.'$ʸɐ 4 
ʹC@0 PG
Òğ1 QAȩöYKhüɲ/°ȴ*A	C@0 PG ÒğƲźB, QA
0Ʊȼ/ŎʨB,ȶ@CB
@/	C@0 PG Òğ1 PsbT	PsbL
= PsbM0ɴÂ/ġĉ*A	n}n}Ǵʦ0 D20weT\
/Ć8C*B
"0$;	C@0 PGÒğƲźB,+	C@0ıY
ukehəʡ	PSII 0èʎ²äŉɪCB,ȶ@CB

	ƙȆȒ0ėǷƣ+1 QB0Ʊȼ/ėä1B<00	QA0Ʊȼ= PSII 0
ʎ²ä/1Ŏʨ.'$
­Ɋ@ (Itoh et al. 2012)0ÆɍȆȒ/?C2	PG
Òğ1 QBȩöYKh0ɴ/B$;	pgsA ėǷƣ+ɖ@CB QA@ QB4
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0ʢğ®ʁ0ʗĨ1 PG772 0Ʋź/?AŉɪCB,ȶ@C*B

PG7721 PSII/Ŋȩö*B,śC*A	PGƲǥŞ+1 PSII
@ƻɯǺȝè/əʡB,«ĥ*B
QBȩöYKhɴÂ/ġĉB PG772
əʡB,+ QB0Ʊȼ/ĮB BQ0ŝñŚėä$A	QA@ QB4
0ʢğ®ʁʗĨCB,ȶ@C*$
	ƙȆȒ0ȩƠ@ QAɴÂ
/ġĉB PG664= PG694,bpTɨ,0Ǿ´ǯFėä!B,+	QB
0ʊäʆÅʢ°ėäB,E'$
0ȩƠ1	QAɴÂ0 PG Òğ
ƲźB,+	QBȩöYKhüɲ0ƪɻėä	QB0ʊäʆÅʢ°ėä
$,FŜý*B
S232, N2340I~nʊƷď0ſė1 D2bpTɨ
/ġĉB QAȩöYKh/1ŎʨFí7 	÷ D1bpTɨ/ġĉB
QB/ŎʨFí7$
8$	ǻĹ@0ÆɍȆȒ/?A	D1bpTɨ0I~n
ʊƷďʸN234D, F260SʹFſė$ėǷƣʸNDFS mutantʹ0ǡǸÇǔĥ+1	
Boi0±TǓņ09±ǓÁ/Zth$ (Minagawa et al. 1999)
0ȩƠ
1	ƙȆȒ0 QAȩöYKh0ƪɻėä QB0Ʊȼ0ėäFŉɪ,
ȩƠ,ɀ*B
	Phe-260 1 D1 bpTɨ0 D-E v/B
QBȩöYKh0üɲ/°ȴ*B$;	QBȩöYKhüɲ0ƪɻ/ǽŷŎʨ
*BòȼŚ<B
 
 PSII FƪŠBbpTɨ0Òƞ@	S232AN234D ėǷƣ+1ɐĉŚb
pTɨ+B PsbV, PsbU0ʎ	èʎ² PSII/*±*B,Ǝ
@,.'$	ʎ² PSII 0bpTɨȧŠ1Xhƣ,ƻ5	Ě.
ėä1.'$ʸć 13 
ʹɸ/	ɐĉŚbpTɨǑĲ$0/î*	ėǷ
ƣ0èʎ² PSII +1 Psb28 ĔÞ*$
Psb28 Ʋźƣ0ĔƸɺņ1ʍǭƣ
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/ƻ5*	ŋÇ,ʵǓ+ɾ.B,@	Psb28 1 PSII 0»Ŗ=Ȭů/ʌ
ɕ+B,,ȋāC*BʸSakata et al. 2013 
ʹɐĉŚbpTɨ0
ǑĲ, Psb28 0ɇȑ1 PG ƲǥŞ+Ďʲ$ pgsA ƣ+<ɗĭC*B
ʸSakurai et al. 2007 
ʹC@0,@	PG1 PsbV= PsbU0ɐĉŚbpT
ɨ0 PSII ɔö²40ȩö/Řɕ+B,ȋāC$
	X ȯȩƐƪ
ɻəƞ/?B PSII 0ƪɻ+1	5*0 PG 0ƩŚʬʇ1\h}Á/ø*
A	ɐĉŚbpTɨ,ǽŷǾ´ǯ*B PG1.
"CƂ	PGÒğ
-0?/ɐĉŚbpTɨ, PSII 0ȩö/ʖ*B1?Ò@.

ƙȆȒ0ėǷƣ+1 PG664 8$1 PG694 0-&@ƲźB,+ D1
bpTɨ0ƪɻėäFŉɪ	D1,ɐĉŚbpTɨ,0ȩö/ŎʨF
í2<C.
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ɐ 1 Xhƣ,ʇ°ǤǷǺėǷƣ0ȥȻ0ʊȣǸǭǇŚ 
 
 
 
 
 
 
 
 
ǇŚ1õȥȻ0TtJǛņF 5 µg Chl mL-1/ɣȜ*	900 µmol photons 
m-2 s-10ǔĥÇFǠį*ǔĥ$
gb1Łċ¾,ƭǗ¿ļ+B
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ɐ 2 TtJɌÇ0Ǒɑƒȯ@ƿ;$õtM]0Əĥƅ,ƪŠƻǨ 
 
TtJɌÇ0Ǒɑƒȯ@ 3 (0ŠÒʸFast phase, middle phase, slow 
phaseʹ0Əĥƅʸt1/2ʹ,ƪŠƻǨʸamplitudeʹƿ;$
gb1Łċ¾,ƭǗ
¿ļ+B
 
 41 
ɐ 3 PSIIɔö²/ȩö*BȽɨ0ȧŠ 
 
 
 
 
 
 
gb1Ǧȕ$ 3Ą0Ħʳ0Łċ¾,ƭǗ¿ļ+B
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ɐ 4 ʎ² PSII/ȩö*BȽɨ0ȽȹʊȧŠ 
 
gb1Ǧȕ$ 3Ą0Ħʳ0Łċ¾,ƭǗ¿ļ+B
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ɐ 5 PSIIɔö²/ȩö*BȽɨ0Òğƅ 
 
 
 
 
PSII /ù8CB 2 Òğ0tJOtJd$A0TtJÒğƅ,ȽɨÒ
ğƅFȋ
gb1Ǧȕ$ 3Ą0Ħʳ0Łċ¾,ƭǗ¿ļ+B
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ć 4 XȯȩƐƪɻəƞ+Ǝ@/.'$ PSII0ƪɻ@ŸĥCB PGÒğ,
bpTɨ,0I~nʊƷď0Ǿ´ǯ 
ɩĠ+ȋ01 PG Òğ0ʊ0ʊȣêğ,ƽȣȩö*B,ŸĥCB
I~nʊƷď	ʤĠ+ȋ01 PGÒğ0U^ʴƥ0ʊȣêğ,ƽȣȩ
ö*B,ŸĥCBI~nʊƷďFȋ*B
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ć 5 PSII/ġĉB 5(0 PGÒğ0Ĵĉ 
ʸAʹèʎ²$A 5 (0 PG Òğ	PG664	PG694	PG702	PG714 , PG772
Ĵĉ*B
PGÒğ0ǜȣêğ	ʊȣêğ	êğF"C#CȮɂ	ɩ
ɂ	ưɂ+ȋ
8$	v\hRnÒğFưɂ+ȋ
ʸ B 3ʹ(0 PGÒğ	
PG664	PG694 , PG702 1 QAȩöYKh0ɴÂ/Ĵĉ*B
D1 bpT
ɨ/BI~nʊ0ǜȣêğ	ʊȣêğ	ȔȣêğF"C#Cʶɂ	ɩɂ	
ʤɂ+ȋ
PG Òğ0ǜȣêğ	ʊȣêğ	êğF"C#CȮɂ	ɩɂ	
Ȥɂ+ȋ
8$	v\hRnÒğFưɂ+ȋ
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ć 6 Ƿ.Bǭǣʕ/B D1bpTɨ0I~nʊʈÔ0IKh 
Synechocystis/B 3(0 D1bpTɨʸPsbA1	PsbA2	PsbA3ʹ,§0Z
InoTfI	Ȯɋ	ʵ αƧǣ0 D1bpTɨ0I~nʊʈÔFIK
h$ȩƠ+B
D1bpTɨ0 Ser-232, Asn-234Fɩ+ȋ
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ć 7 psbA2ʅ®ğ0ʇ°ǤǷǺėǷƣ0´ɓ 
ʸAʹD1bpTɨƲźƣʸB-His NAAʹ+1 psbA2, speAʅ®ğ0ʇ
Spe/ StrRP^eh+ȴŹC*B
ʇ°ǤǷǺėǷFİÈ$ psbA2ʅ®ğF
ǯ*z\hƣ+B B-His NAAƣFōɨɮŹ$
speIʅ®ğ0 StuIYK
h/ KmRP^ehFİÈ$
ʸ BʹėǷƣ/*ʍǭČ0 psbA2ʅ®ğʇ
°ǤǷǺėǷFİÈ$ psbA2ʅ®ğ/ĤÉ/ȴŹE'$F PCR+Ȋɟ
$
Ļ@ B-His NAAʸ 1 	ʹpNA2ʸ 2 	ʹS232Aʸ 3 	ʹ
N234Dʸ 4 	ʹS232AN234Dʸ 5ʹ0 PCR ǮǣFÒƞ$ȩƠFȋ
*B
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ć 8 ǌ²ĎĊ+0Xhƣ,ʇ°ǤǷǺėǷƣ0ĔƸƒȯ 
õėǷƣ0ȥȻ0ĔƸF 750 nm0ǚņFǔĥB,+kb$
gb
1XhƣF	S232A ƣFăɘ	N234D ƣFɘ	S232AN234D ƣF
cKi+ȋ*B
gb1Ǧȕ$ 3 Ą0Ħʳ0Łċ¾,ƭǗ¿ļ
+B
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ć 9 ȥȻ0ʊȣǸǭǇŚ0Çŋņ·ġŚ 
ʊȣǸǭǇŚFǔĥB,/ǠįBÇ0ŋņFėä!*ǇŚFǔĥ$

Xhƣ0gbF	S232AN234D ėǷƣ0gbFăɘ+ȋ
g
b1Ǧȕ$ 3Ą0Ħʳ0Łċ¾,ƭǗ¿ļ+B
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ć 10 Ƿ.BRnFǯ$,0ȥȻ0 PSIIǇŚ 
PSII 0ʢğñĩ²+BRn	BQʸA 	ʹDMBQʸB 	ʹDCBQʸCʹFǏÞ
* PSIIǇŚFǔĥ$
DCMUġĉ+0ǇŚ1ǹɛô	ʥġĉ+0ǇŚ1
ʷɛô+ɐ
Xhƣ0gbF	S232AN234D ėǷƣ0gbF
ăɘ+ɐ
gb1Ǧȕ$ 3Ą0Ħʳ0Łċ¾,ƭǗ¿ļ+B
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ć 11 ʓÇ0ǠįŒ/ɪB PSII+0ʢğ®ʁ/¯TtJɌÇ0ėä 
10 µM0 DCMU0ʥġĉʸAʹ,ġĉʸBʹ+ȥȻ0TtJɌÇ0Ǒ
ɑFǔĥ$
gb1XhƣF	S232A ƣFăɘ	N234D ƣF
ɘ	S232AN234D ƣFcKi+ȋ*B
gb1Ǧȕ$ 3 Ą0Ħ
ʳ0Łċ¾,ƭǗ¿ļ+B
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ć 12 ȥȻ0ǡǸÇ\yTh 
10 µM0 DCMU0ʥġĉʸAʹ,ġĉʸBʹ+0ǡǸÇ\yThFȋ*
B
gb1XhƣFʷȯ	S232A ėǷƣFɩȯ	N234D ėǷƣF
ʤȯ	S232AN234D ėǷƣFȮȯ+ȋ*B
ƑŤÐǫ$ȥȻ/ 1 Ą0ʓ
ÇFǠį$Œ	ǌ²Ȕȣ+ȂƏ/Ïȩ*ǔĥFʔĝ$
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ć 13 U^īņãʈʃŗ/?'*Òʡ*0 PSIIèʎ²ʸMʹ,ʎ
²ʸDʹ/ġĉBbpTɨ 
Xhƣ, S232AN234DėǷƣ0èʎ²,ʎ² PSIIF SDS-PAGE+ə
ƞ$
5 µg Chl/ǾŌB PSIIF 1/µǯ$
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ć 14 Xhƣ,ʇ°ǤǷǺėǷƣ@Ȟɓ$ PSIIɔö²/ġĉB
bpTɨ 
Xhƣ	S232A ƣ	N234D ƣ, S232AN234D ƣ@Ȟɓ$ PSII F
SDS-PAGE+Òƞ$
5 µg Chl/ǾŌB PSIIF 1/µǯ$
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4Ȗ 
 
ĜǡŚZInoTfI0 PGöŠƲźƣFǯ$
PG0Ʊȼəƞ 
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4-1. ńɤ  
 
2Ȗ,ʽȖ+1 PSII/ȩö*B PG1Òğ,0ƱȼF PG,Ǿ´ǯ
BI~nʊƷďFſėB,+əƞ$
	PG,Ǿ´ǯBI~n
ʊƷďFėä!$,0 PSII 0ėä@ PG Òğ0Ʊȼ1Ǝ@/.'*
$<00	"0,0 PSII0ɞȥ.ƪɻėä8+1Ò@.'$
PGÒğ
Ʋź$,0 PSII0ƪɻėäFƎ@/B$;/1 XȯȩƐƪɻəƞ/?
BəƞŘɕ+B
ÆɍȆȒ/*	PSII 0 X ȯȩƐƪɻəƞ1ĜǡŚZ
InoTfI+B Thermocynechoccous vulcanus , Thermosynechococcous 
elongatus BP-1Fǯ*ɍEC*BʸGuskov et al. 2009, Umena et al. 2011 
ʹ8
$ T. elongatus BP-10 D1bpTɨ/ʇ°ǤǷǺėǷFİÈ$ėǷƣ0ǭä
ĢǺəƞĐûC*BʸSugiura et al. 2008 
ʹ 
T. vulcanus, T. elongatus1ɴȱȐ+B
ĜǡŚZInoTfI0bp
Tɨ1ǡȸŚʵʺÇäĢȠɔö²0?.bpTɨɔö²<ʵģĥŚ
F<'*B
0 2 Ȑ0ĜǡŚZInoTfI+1Wn0Éʅ®ğʈÔ
+/ǀĥC*B
8$ T. elongatus/*1ȿǟōɨɮŹǂ=NT
h|ZFµǯ$Ƌǂ/?B	ōɨɮŹ²0´ɓŦɎ<ȊȕC*
B
 
"+ 4Ȗ+1 2	3Ȗ+´ɓ$ Synechocystis0ʇ°ǤǷǺėǷƣ/B
PSII 0ƪɻėäFəƞB$;/1	ĜǡŚZInoTfIFǯBŘɕ
B,ȶ	T. elongatusFǯB,/$
.@	ĜǡŚZIno
TfI+1ȽɨöŠ0Ʋźƣ.-	Ƚɨ0ȆȒFΔǺ,$ėǷƣ1Ó´
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ɓC*.
"0$;	ĜǡŚZInoTfI/B PG 0Ʊȼ
Synechocystis,÷,1ʘ@.
"+	Ƿ.BZInoTfIʕ+ PG0
ƱȼºġC*BF	T. elongatus 0 PG öŠƲźƣF´ɓ*
Synechocystis0ėǷƣ,ƻɯB,+əƞ$
 
 
4-2. ƚƈƋǂ 
 
ĎʲƋǂ 
ƙȆȒ+µǯ$ T. elongatus BP-10ʍǭƣ,ėǷƣ0ȥȻ1 45oC	30 µmol 
photons m-2 s-10ɼȫÇFǠį*Ďʲ$
Ďʲ/1 4 mM HEPES (pH 7.5)Fù
: BG11/ 10 mM NaHCO3FǏÞ$ĎĊFµǯ$
ĬěĎĊFǯBđö
1 0.3% (w/v) dOȉʊjhL	1.5% (w/v) Bacto agarFĎĊ/ǏÞ$
ǌ
²Ďʲ+1 50 mL 0ĎĊFÈC$ɜʳț/ȓƼFɹƼ*ɍ'$
ĎĊ/ PG
FǏÞBđö1	ȦǛņ 20 µM0[OOK PGʸP9664, ZU}Ii
edʹFǏÞ$
 
 
PGöŠƲźƣ0´ɓ 
T. elongatus/B pgsAʅ®ğʸtll1275ʹ, 5’Á0 1.0 kbp	3’Á0 1.4 kbp 
0ʫčF PCR +ĔĿ!$
vK}1 F (5’-TGCGCTCGAG 
CATGAATCAAATCC-3’), R (5’-CACCACCGTCAGCCAGTTTGTC-3’)Fµǯ
$
ŕ@C$ȡ 2.9 kbp0 PCRǮǣF XhoI, HindIII+ÓƉ$Œ	pBluescript 
II SK-xTb0÷ÙʘʉȣYKh/ŴÈ$
0v\~iF AccI , NheI
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+ÓƉ* pgsAʅ®ğ0ʇʸ0.3 kbpʹFʚ	"/ Spe/ StrRȸŚʅ®ğP
^ehFŴÈ$
0´ɓ$v\~iFǯ*	T.elongatus BP-10ʍǭ
ƣFȿǟōɨɮŹǂ+ōɨɮŹ$ʸ Iwai et al. 2004b 
ʹōɨɮŹ²0ʄ×1 5 µg 
mL-1 Spe, 10 µg mL-1 StrFù: BG11ĬěĎĊFǯ*ɍ'$
2(0vK
}  	 F (5’-ACCGCATAGGGAGTCATTGC-3’) ,  R (5’-TCTTG 
GATATTCGCGATACGG-3’)Fµǯ*	ėǷƣ/*ΔǺ0ʅ®ğȈĕ
C*B-FȊɟ$
 
 
ÇöŠǇŚ0ǔĥ 
ȥȻ0ÇöŠǇŚʸʊȣǸǭǇŚʹ0ǔĥ/1	ĮƅĔƸƖʸOD730 = 0.61ʹ
0ȥȻFµǯ$
ȥȻFʃŗʸ2,300	gʹ/?'*Ąï	ǁƺ$ȥȻF
BG-11ĎĊ/ 5 µg Chl mL-1/.B?/şǚ$
"0ȥȻşǚǌFŊÇ+
bZMKPʸNR-3 TAITECʹFµǯ*ʣ,ʸ120 rpmʹ.@
KRxh$ʸ 45oC, 1Əʕ 
ʹ"0Œ	ʢğñĩ²,*ȦǛņ 2 mM 0
DCBQ<1 DMBQFǏÞ	TTČʊȣʢƩʸHansatechʹFǯ*ȥ
Ȼ0 PSIIǇŚFǔĥ$
T. elongatus BP-1+1 NetǇŚʸH2OCO2ʹǔĥ
+.,ÆɍȆȒ+Ǝ@/.'*BʸIwai et al. 2004a 
ʹ 
 
ȽɨÒƞ 
TLC ,Q\T}hUtJFǯ$ȽɨÒƞ1 2 Ȗ+ɛɶ$Ƌǂ+ɍ'
$
30 µg Chl/ǾŌBȥȻ@ȽɨFŪÑ*ȽɨÒƞFɍ'$
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dXKiȾ0Ȟɓ, BNʸumKfJuʹ-PAGE 
T. elongatus BP-10dXKiȾ0Ȟɓ1 2Ȗ+ɛɶ$Ƌǂ+ɍ'$
$%
	Ȱɏǌ A0©EA/Ȱɏǌ A2 [40 mM MES-NaOH (pH 6.5), 15 mM MgCl2, 15 
mM CaCl2, 25% (w/v)U^] Fµǯ$ʸSugiura and Inoue 1999 
ʹ
BN-PAGEFǯ$ÇäĢȠɔö²0bpTɨȧŠ0Òƞ1	1 mg Chl mL-1/
ɣȜ$dXKiȾFȦǛņ 1%ʸw/vʹ0 DMFÞ	20Òʕ	ƾ+òǘ
ä$
"0Œ	26,000	g	20Òʕ0ʃŗFɍ	"0ǐ/ 5% (w/v)0 CBB 
G-250FYv0²ȑ0 1/ 10ʎÞ$
4-16% (w/v)0r\h\|IT
I~iU[MhWʸThermo FisherʹFµǯ	IniȰɏǌ[50 mM 
Bis-Tris (pH 7.0)] ,P`iȰɏǌ [50 mM Tricine, 15 mM Bis-Tris (pH 7.0), 
0.02% CBB G-250] FǅâƬ/ÈC	60 VĥʢĈ+ 1ƏʕʢƼǅâ$ʸ Schägger 
and von Jagow 1991 
ʹCBBFù8.P`iȰɏǌ [50 mM Tricine, 15 mM 
Bis-Tris (pH 7.0)] / Ź	100 VĥʢĈ+ 1Əʕǅâ$
"0Œ	ʢĈF 150 
V/ÓAƓ*W0Ņʇ8+ǅâ$
 
2 ƳÅ SDS-PAGE FBđö1 BN-PAGE Œ0WFòǘäǘǌ [100 mM 
Tris-HClʸpH 6.8ʹ, 20%ʸw/vʹU^, 2%ʸw/vʹSDS, 5%ʸv/vʹ2-
PvhNbn] + 30Òʕ	ħǓ+>'Aų,!$
òǘäÐǫ$
WF 7.5 M0ĳȣFù: 16-22%0|ITI~iU[MhWFǯ
* SDSPAGEFɍ'$
W1ʑơɂǂFǯ*	bpTɨ0oiFƨ
Ñ$
 
 
 
 60 
 
4-3. ȩƠ,ȶĭ 
 
T. elongatus BP-1/B pgsAėǷƣ0´ɓ 
T. elongatus BP-1/B PG0ƱȼFɣ5B$;	´ɓ$ pgsAėǷƣF
PG FǏÞ$ĎĊ,ǏÞ*.ĎĊ+ǭȺ!$
T .elongatus BP-1 0
tll1275ʅ®ğ, Synechocystis0 pgsAʅ®ğʸsll1522ʹ/XiC$bpT
ɨ0I~nʊʈÔ1	64%0I~nʊɀB,@	tll12751 pgsAʅ®
ğ+B,ŸĥC$
PG öŠƲźƣ1 tll1275 ʅ®ğ/ Spe/ StrRȸŚʅ®ğ
P^ehFİÈ*ʅ®ğFȈĕB,+´ɓ$ʸ ć 26 
ʹōɨɮŹƣ1ɉ
ÛFù:ĬěĎĊ+ʄ×	PCR Fǯ*Éʅ®ğȈĕC*B,FȊ
ɟ$
ȈĕC$ʅ®ğ0^UWZFȊɟB$;0vK}^
ehFǯ$ PCR+1	ʍǭƣ0đö	800 bp¨ɴ/oiƨÑCB0/
Į	pgsAėǷƣ+1 1800 kbp¨ɴ/09oiƨÑCB,@	ėǷ
ƣ+1 pgsA ʅ®ğĤÉ/ȈĕC*B,ȊɟC$ʸć 26 
ʹ´ɓ
$ėǷƣFĬěĎĊ+ǭȺ!$ȩƠ	pgsA ƣ1 PG FǏÞ$ĎĊ+1ʍ
ǭƣ,÷ƫ/ĔƸ+B,Ǝ@/.'$ʸć 27 
ʹ	PG FǏÞ
*.ĎĊ+1 pgsAƣ1ÉĔƸ+.'$
8$	pgsAƣFǌ²ĎĊ
+ǭȺ!$,<÷ƫ+	PG FǏÞ*BĎĊ+09 pgsA ƣ1ʍǭƣ,
÷ƫ/ĔƸ+$
PGFǏÞ*.ĎĊ+1	ƔÕ1ȥȻÌ/Ʒ'*B
PG FØǯ*ĔƸB,+B	7 ƌʕ6-ĎʲB,/?AĔƸ1
Àƴ$
8$	200Əʕ6- PGFǏÞ.ĎĊ+Ďʲ$ėǷƣ0ȥȻF
 61 
Í3	PGFǏÞ*.ĎĊ+Ďʲ*<ĔƸB,+.'$

0,@	T. elongatus/*< Synechocystis,÷?/ǭȺ/ PGŘ
ɕòƲ+B,Ǝ@/.'$
 
 
ȽɨȧŠ0ėä 
´ɓ$ pgsAėǷƣF	PGFǏÞ$ĎĊ+ĔƸ!	"0Œ	PGFǏÞ
$ĎĊ,*.ĎĊ+ 7 ƌʕĎʲ$ȥȻ0ȽɨÒƞFɍ'$ʸć 28 
ʹ
"C#C0 pgsAėǷƣ0ȥȻ@ȽɨFŪÑ	TLC+õȽɨT\/ÒʡŒ	
Q\T}hUtJ+Ƚɨ0ĥʎFɍ'$
PGFǏÞ$ĎĊ+ǭȺ!
$ȥȻ1 PGFðAɳG+BÒ	ÉȽɨ/ĮB PG0Üö 8.6%, PGǞǏ
Þ0ĎĊ+Ďʲ$ʍǭƣʸ3.5%ʹ/ƻ5ʵ.'*$
	7ƌʕ PG
FǏÞ*.ĎĊ+Ⱥ*$ȥȻ+1 PG1 1.5%+'$
C1 PGǏÞ
C*.ĎĊ+ĎʲB,	ȥȻÌ0 PGùʎ±B$;	ĔƸ+.
.B,Fȋā*B
Synechocystis 0 pgsA ƣ+1 PG FǏÞ*.
ĎĊ+ĎʲB,+	ĔƸɺņ±	ȥȻÌ0 PGùʎ<ĚĿ/ǑĲ*
B
	T. elongatus0 pgsAƣ+1 PGFǏÞ$ĎĊ@ǏÞ*.
ĎĊ/Ȏ*<	ĔƸ1BȏņȬůC*B
T. elongatus 0ȥȻÌ0 PG
ùʎ1 Synechocystis,ƻ5B,ĚĿ/Ĳ.$;	ǭȺ/ĮB PG0ʌɕŚ1
Synechocystis0Ƌʵ0<C.
 
 
PG0ÇöŠ/BŏÜ 
ȽɨÒƞ0,,÷	PGFǏÞ$ĎĊ,ǏÞ*.ĎĊ+ 7ƌʕ
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Ďʲ$ȥȻ0 PSIIǇŚFǔĥ$ʸɐ 8 
ʹPSII0ʢğñĩ²,*	DCBQ
, DMBQFǯ$
ȥȻ0 PSIIǇŚ1 DMBQ?A< DCBQFǯ$,0Ƌ
	ǇŚʵ'$
DCBQ 0đö	PG FǏÞ$ĎĊ+ǭȺ!$ pgsA ė
Ƿƣ0 PSIIǇŚ1 220 µmol O2 mg Chl-1 h-1+Aʍǭƣ,÷+'$
Ƌ	
PGFǏÞ*.ĎĊ+ǭȺ!$pgsAėǷƣ+1	PSIIǇŚ1130 µmol O2 
mg Chl-1 h-1+'$
0,@	ȥȻÌ0 PGƲ$ȩƠ	ÇöŠ0Ʊ
ȼ/Ŏʨ'$,ȋāC$
	Synechocystis0 pgsAėǷƣ+1
ȥȻ PGƲǥŞ/.'$,	PSIIǇŚFǔĥB$;/ BQ.-0ʢğñ
ĩ²FB,	PSIIǇŚĚʗĨCB,Ò'*BʸHagio et al. 
2000 
ʹT. elongatus+1 PSIIǇŚ PGƲǥŞ+<BȏņȬůC*B
,@	Synechocystis, T. elongatus+1 PGƲ$,0 PSII0ƪɻėä
/ʂBòȼŚB
 
8$	PG FĎĊ/ǏÞ$,,*.,0 pgsA ƣ@dXKi
ȾFȞɓ	BN-PAGEFǯ*	ÇöŠ0bpTɨɔö²0ǥŞFəƞ$
ʸć 29 
ʹBN-PAGE+ƨÑC$ɔö²0÷ĥ1	BN-PAGE0WF SDS-PAGE
+ƳÅĵʔ*ɣ5$
ĎĊ/ PGFǏÞ*Ďʲ$ pgsAƣ+1	ʎ²
PSI ,ʎ² PSII 0oiȊɟ+$
PG FǏÞ! /Ďʲ$ pgsA ƣ+
1ʎ² PSIǑĲèʎ² PSIĔÞ*$
8$	ʎ² PSII0oi
6,G-ƨÑC 	èʎ² PSII ʮɆ/ĔÞ*$
Synechocystis Fǯ
$ÆɍȆȒ/* PGƲǥŞ/ʛ'*@ȅƖʕ+1	PSII0èʎ²ä
×/ŉɪCB,Ǝ@/.'*BʸSakurai et al. 2003 
ʹ8$	PG
ƲǥŞ/.'*@ 14ƌΔª+èʎ² PSIɇȑB,Ò'*B
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ʸDomonkos et al. 2004 
ʹ$'*	ƙȆȒ+1 T. elongatus BP-1/*<
Synechocystis,÷ƫ/	PG1ÇäĢȠɔö²0ōŠ/Ě.ŏÜFū'*
B,Ǝ@/.'$
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ɐ 8 T.elongatus BP-10ʍǭƣ, pgsAėǷƣ0ÇöŠǇŚ 
 
ĮƅĔƸƖ0ȥȻFĄï	õȥȻ0TtJǛņF 5 µg Chl mL-1/ɣȜ
*ǔĥ$
 
  Oxygen-evolving activity (µmol O2 mg Chl-1 h-1) 
Strain Growth condition DCBQ DMBQ 
WT  PG 217 ± 17 203 ± 10 
pgsA  + PG 216 ± 13  187 ± 10  
pgsA  PG 132 ± 7 111 ± 8 
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ć 26 T. elongatus0 PGöŠƲźƣ0´Š 
ʸAʹT. elongatus BP-10 pgsAʅ®ğʸtll1275ʹ0ʇFʚ	"/ Spe/ StrR
ɉÛȸŚP^ehFİÈB,+ėǷƣF´ɓ$
ʸ Bʹ´ɓ$ėǷƣ/
*	ʅ®ğĤÉ/ȈĕC*B,F PCR+Ȋɟ$
 
A 
B 
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ć 27 T. elongates BP-10ʍǭƣ, PGöŠƲźƣʸpgsAėǷƣʹ0ǭȺ 
ʸA Tʹ. elongatus BP-10ʍǭƣ, pgsAėǷƣF	PGFǏÞ$ĬěĎĊʸ +PGʹ
, PG FǏÞ*.ĬěĎĊʸPGʹ+ǭȺ$
ʸ BʹPG ƕǞ0ǌ²ĎĊ
+0ʍǭƣ, pgsAėǷƣ0ĔƸ
ʍǭƣ1 PGǞǏÞ0ĎĊ+ĔƸ!$

ėǷƣ0đö1 PGǏÞĎĊ+ĔƸ!$ȥȻF PGǏÞĎĊʸ+PGʹ,ǞǏÞ
0ĎĊʸPGʹ+ĔƸC$
PG ǞǏÞĎĊ+ĔƸ!$ȥȻ/(*1	
@/ PG ǏÞĎĊʸPG  +PGʹ,ǞǏÞĎĊʸPG  PGʹ/Ȏ*Ďʲ
$
 
A 
B 
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ć 28 T. elongatus BP-10ȥȻ0ȽɨÒƞ 
ʸA PʹGFǏÞ*Ďʲ$ pgsAėǷƣ0ȥȻ, PGǞǏÞĎĊ+ 7ƌʕĎʲ
$ pgsAėǷƣ0ȥȻ@ȽɨFŪÑŒ	TLCFǯ*õȽɨT\/Òʡ
$
ʸ BʹTLC +Òʡ$õȽɨT\FQ\T}hUtJ/?'*ĥʎ
$ pgsAėǷƣ0ȽɨȧŠ
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ć 29 BN-PAGE, SDS-PAGE/?BÇäĢȠbpTɨɔö²0Òƞ 
ʸA PʹGFǏÞ*Ďʲ$pgsAėǷƣ,PGǞǏÞĎĊ+7ƌʕĎʲ$pgsA
ėǷƣ0ȥȻ@dXKiȾFȞɓ$
òǘä$dXKiȾʸ4 µg Chl
/ǾŌʹF BN-PAGE+Òƞ$
ʸ BʹBN-PAGE+Òʡ$õbpTɨɔö
²0bpTɨȧŠF SDS-PAGE+Òƞ$
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5. ȭŮ 
 
 ÆɍȆȒ/* PG 1 PSII 0Ʊȼ0Ȭů/Ěėʌɕ+B,Ǝ@/
.'*A	ƙȆȒ+1 PSII / 5 ÒğġĉB PG "C#C-0?.ŏÜ
FƠ$*BFəƎB,FΔǺ/ĦʳFɍ'$
2Ȗ, 3Ȗ+1 PG,
Ǿ´ǯBbpTɨ0I~nʊƷďFſė!	PSIIɔö², PGÒğ0Ǿ
´ǯFėä!$,0ŎʨFɣ5$
QAÁ/ġĉB PG664, PG694	QB
Á/ġĉB PG772 ,Ǿ´ǯBbpTɨ0I~nʊƷďFſė$ėǷ
ƣF´ɓ$ȩƠ	pgsA ėǷƣFǯ$ÆɍȆȒ0əƞȩƠFžůBȩƠ
(ŕ@C$
8$	ȽɨÒƞ0ȩƠ@	Ħʞ/´ɓ$ėǷƣ+1 PG
,Ǿ´ǯBI~nʊƷď0ſė PG , PSII ɔö²0ȩöFģĥä!
$òȼŚȶ@CB
Ǥ/	¤ĄəƞFɍ'$ʇ°ǤǷǺėǷƣ+1	PSII
ɔö², PGÒğ0Ǿ´ǯFėä!$,/?A PsbV, PsbUƲź*
$
ėǷƣ+1 PG,I~nʊƷď,0Ǿ´ǯėäB,+	ɐĉŚb
pTɨ0ȩöģĥäB,Ǝ@/.'$
pgsA ėǷƣ+1 PsbO
<ǑĲ*B,Ǝ@/.'*B,@ʸSakurai et al. 2007 	ʹPSII
/ġĉB"C#C0 PGÒğɐĉŚbpTɨ0ȩö/Ī*A	ɔƅ
0 PGÒğƲźB,+ PsbO0ȩöŊ.B,ś+B
ÆɍȆȒ/
* Synechocystis0DGDGöŠƲźƣ@Ȟɓ$ PSIIɔö²+<ɐĉŚb
pTɨƲź*B,Ǝ@/.'*BʸSakurai et al. 2007 
ʹ
	PSII Ì+1 PG 1\h}Á	DGDG 1Á/°ȴ*B$;	
PG1-&@,ɚ2ɐĉŚbpTɨ,ɬʡʡC*B
$%	ƙȆȒ
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+ǄΔ$ PG664 , PG694 1 PsbU 0ʇ/	8$	PG772 1 PsbV 0ʇ/
°ȴ*B,@	C@0 PGÒğɐĉŚbpTɨ,³@0Ǿ´
ǯF*BòȼŚB
Synechocystis0 PsbUƲźėǷƣ@Ȟɓ$ PSII
+1 PsbV 67ƲźB,E'*BʸInoue-Kashino et al. 2005 
ʹ
Synechocystis /* PsbV , PsbU 0ʼ(0bpTɨ1/ġĉB,
+ PSII ɔö²/ȩö*B,ȋāC*B
ƙȆȒ0ʇ°ǤǷǺėǷ
ƣ+<	ǢƋ0ɐĉŚbpTɨ PSII @Ʋź$,+	<Ƌ0ɐĉ
ŚbpTɨ<Ʋź$òȼŚȶ@CB
8$	ʇ°ǤǷǺėǷƣ+1 QB
0ƱȼėäB,+ PSII ǇŚ0±ɪB,Ǝ@/.'$
2 Ȗ
+´ɓ$ S232AN234DėǷƣ0?. QAÁ0 PGʸPG664, PG694ʹ0Ǿ´
ǯ/ėä'$đö	QB0ʊäʆÅʢ°ėäB,+ QA@ QB40ʢ
ğ®ʁʗĨCB,E'$
ʇ°ǤǷǺėǷƣ0ǡǸÇ\yTh+
1 B oi0±TǓņ09±ǓÁ/Ȏâ*$
ÆɍȆȒ/*	
5*0ɐĉŚbpTɨFɿʡ!$ PSII ǳÒFǯ$ǡǸÇǔĥ0ȩƠ@	
ɐĉŚbpTɨ PSIIɔö²@ɿʡB,+ Boi±ǓÁ/	Qo
iʵǓÁ/ȎâB,Ǝ@/.'*BʸVass et al. 1987 
ʹ8$	
Synechocystis0 PsbOöŠƲźƣ0ȥȻ0ǡǸÇǔĥ/*<	Boi1±
ǓÁ/	Qoi1ʵǓÁ/Ȏâ*Bʸ Vass et al. 1992 
ʹ0,@	PsbO
1}QT\bÁ%+.	v\hRn0ʢğ®ʁ/<ʌɕ+
B,ȋāC*B
	PsbV öŠƲźƣ, PsbU öŠƲźƣ0ȥȻ
+1	Boi, Qoi0ƋʵǓÁ/Ȏâ*$ʸ Shen et al. 1997, Shen 
et al. 1998 
ʹC@0ėǷƣ+1 S20ǥŞ09ėä$,ȋā*B
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PsbV, PsbU1 PsbO,ʂ	×/}QT\b0ģĥä09/Ī*
B,ȶ@CB
2Ȗ, 3Ȗ+´ɓ$ʇ°ǤǷǺėǷƣ+1 in vivo+ɐĉ
ŚbpTɨ1ȩö*A	ȞɓƏ/ɐĉŚbpTɨĘC$òȼŚʵ
,@	QB0ʊäʆÅʢ°1 PG, PSII0ȩöģĥ/.'$$;ėä
$,ȶ@CB
pgsA ƣ+1 PG Òğ0Ʋź QA+1.	QB09/Ŏʨ
B,ȩƠŕ@C*A	"C1ƙȆȒ0ĦʳȩƠ,ɀ*$
3Ȗ
+ QBɴÂ0 PG0Ǿ´ǯFėä!$đö1	ʢğñĩ²FǏÞ$,/
PSII 0ǇŚʗĨCB,@	BQ = DCBQ .-0ȩöYKh0ƪɻė
ä$,1ś+$	QB0Ʊȼ/ǽŷǺ.ŎʨB1	1'AÒ
@.'$
 
 X ȯȩƐƪɻəƞ0ȩƠ@	PG694 1 PsbL 0 11 ǶΔ0Ub~ʊ0I
~nʊƷď,Ǿ´ǯ*BòȼŚBʸć 4 
ʹSynechocystis /*	
0 PsbL 0Ub~ʊüɲ0I~nʊƷďFƲź!$ėǷƣ  [
(E13-N15) mutant] +1Rn.-0ʢğñĩ²FǏÞB,+ PSIIǇŚĚ
±B,Ǝ@/.'*BʸLuo et al. 2014 
ʹ	5’ƘȗÁF
Ʋź!$(N6-N8),(P11-V12)ėǷƣ+1Rn0ǏÞ/?B PSII ǇŚ0
±1ɪ@.
0,@ PsbL0 E13-N150ʫč QB0ƱȼȬů/ʖ
E'*BòȼŚȋāC*B
E13-N150ʫč1ɴÂ0 CP430I~nʊ
,Ǿ´ǯ	@/	"0 CP430I~nʊƷď, D1bpTɨ0 D-E
v0I~nʊǾ´ǯ*B$;	QB/ŎʨFí7$,ȶ@C*B
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